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MIEACH PRODUCT FIELDS OF APPLICATION 


General purpose type Office Automation, Personal HDD, PPC, CD-ROM 
\ Computer peripheral M37702/03 Group 


10-bit ADC/8-bit DAC & ll Ge a PPC, HDD " 
M37710 Grou 
ed P 


cordless telephone 
cellular phone 


dual clock Gommunication) M37734 Group** 


cordless telephone 


Hlul h 
RTP, low voltage ROM-less cellular phone M37732 Group 
RTP, ROM-less 0K. ETW, CD M37730 Group 


Built in DMAC, DRAMC, RTP 


Z Personal Computer int 
evens 7700 series ROM-less P pee M37720 Gruop 


peripheral } 
Timer 


enhancement air conditioner 
white goods M37704/05 Group 
a Three-phase waveform mode enhancement 


air conditioner 
ete goods) M37712 Group* * 
RTP, UART with FIFO 


camera) M37708 Group 
SE” 


* * © Under planning 
% : New product 
wk *& | Under development 





MISELECT MAP 


Classification Features Main application 














frequency 





exection time 





Minimum instruction 
D-A conversion 


ah I/O ports 


Serial 1/O 
A-D conversion 


(16 bit) 


Pin count (number) 


Zz Clock oscillating 
Appeara in Data Book 


-— 


(number) 


am 
N 
— 
oo 














M37703 Copy machine, HDD, electronic musical 
instrument, data terminal, printing en- 

16K~60K ROM gine for page printer, automobile, port- 

M37702 able telephone, personal information 
machines and tools 


oy) 
> 














Three-phase wave- 
form output 
Phase detect function 53 


M37704 |inverter air conditioner, general pur- 
pose inverter, sewing machine for the 
64 | M37705 | manufacturing, washing machine 








o fe)) 
(oe) oe) 
fee) foe) 


General Purpose} Biit-in 10-bit A-D copy machine, HDD, data terminal, bar- 


68 | 80 | M37710|code reader, electronic musical instru- 
ment, printing engine for page printer 


with Enhanced Ana- 


log I/O Function Cowenet 














DRAM _ Con- Built-in 24-bit DMA serial printer, facsimile, image scanner, 
troller Builtcin | Controler (4ch) and 53 |100| M37720 |high speed modem, network controller, 
DRAM Controler ODD 











HDD, ODD, electronic typewriter, personal information 
M37730 | machines and tools, mobile communication machine and 
Low price version mobile phone, communication terminal tools 
for basic peripher- 
al function mobile phone, copy machine, printer, 
Output Port M37732 | electronic typewriter, facsimile, person- 
al information machines and tools 
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MEGENERAL 


PURPOSE (1) 


Memory capacity 























Memory type (Byte) Type No. | Pakage voltage eae 
! | (V) (C) 
M37702M2A X X XFP a 
3 80P6N-A 4.5~5.5 —20~85 
sai an M37702M2B x X XFP 
2M2L X X X 80P6S-A 
M37702M2L GP S prgeee eee 
M37702M2L x X X HP 80P6D-A 
- 24K 1024 | M37702M3B x x XFP 
1024. | M37702MDBxX x XFP ee 
TT02M4A X X XFP 4.5~5.5 
| wie 80P6N-A 
Mask ROM 30K | M37702M4B Xx X X FP 
2048 | M37T02M4E x x X FP —40~85 
M37702M4L x xX X FP ae ee 
M37T02M4L x X X GP 80P6S-A 
M37702M6B X X X FP 
| 48K 2048 
: ic M37T02M6L X X XFP 80P6N-A 
| aoe | voag M37 TO2M8B x x x FP xk * 
| M37702M8L X X X HP x & | 80P6D-A 
| M37T02E2A x X XFP sieuilisk ieeete nore 
aaa 512 M37702E2B x x x FP pan 
| M37T02E2L x x XGP 80P6S-A err ee 
| | | M37702E2L x X X HP 80P6D-A ates 
Sl aA a VaR a 
| | | M37T02E4A x X X FP 
| 7 M37702E4B xX X XFP | 4.5~5.5 
One time | [/-——_—______ 80P6N-A 
PROM | 82K 2048 | M377T02E4E x x XFP i —40~85 
x X X FP 
ST TOBIAS I pe te | 2.7T~5.5 —40~85 
! M3T702E4L x x X GP | 80P6S-A | 
ae a ee eee eee —— 
| M37702E6B X X X FP 4.5~5.5 —20~85 | 
| 48K 2048 | ry J a 
M37T02E6L x X X FP 80P6N-A 2.7~5.5 —40~85 
a : : 
Cee | ae M37702E8B X xX X FP x 4.5~5.5 ~20~85 | 
| M37702E8L X x X HP *& | 80P6D-A | 2.7~5.5 ~40~85 
po onan en nent rrr 
| | M37702E2AFS | 
» 16K |) 512 SEE 
| M37TT02E2BFS 
ve ar ith | 32K | 2048 TAS alas | goD0 | 4.5~5.5 20~85 
rsi Wi r 5~5. —290~ 
a eee | : | M37702E4BFS_ | 
| 48K | 2048 | M37702E6BFS 
| 60K 2048 | M37702E8BFS * 
| | ' M37702S1AFP 
2 ——— 80P6N-A | = 4.5~5.5 —20~85 | 
| | 512 M37702S1BFP | 
ExternalROM | — -M37702S1L GP 80P6S-A 2.7~5.5 —40~85 
| Ear i alex ee Fe 
| | M37702S4AFP 
| 2048 80P6N-A 4.5~5.5 —20~85 
| M37702S4BFP 



































































Power supply} Operating 































*xEPROM versions with window are used for evaluation only. They must not be used for mass-production. 
%& *& : Under development 


% : New product 
Note. 


Page 


Note 


Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK<SINGLE - CHIP 16-BIT MICROCOMPUTERS>Vol. 1”. 
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NIGENERAL PURPOSE (2) 


Memory capacity Power supply| Operating 
(Byte) Type No. Package voltage Pea Page 
RA (V) (°C) 
51 


: hie 

wire ile | 
a 

| Note 

a SSS 64P4B 4.5~5.5 
32k | 2048 

| 

PM3TTOSS1BSP_ ggg weed | sees 


MIMOTOR DRIVE CONTROL 


Memory capacity 
(Byte) Type No. 
512 
















Memory type 


Mask ROM 










External 
ROM 














Power supply} Operating 
woltage temperature 

g 
(V) (C) 







Memory type Package 
















sac M3TT04M2A X X XFP 
Wea M37704M2E X X X FP —40~85 
1024 M37704M3B X X X FP 





—20~85 






24K 
32K 


M37704M4B X X X FP 






























; M37T704E2A X X XFP 4.5~5.5 —20~85 
One time 16K 512 
PROM M37704E2E X X X FP 80P6N-A 4.75~5.5 —40~85 
32K 1024 M37704E4B X X X FP 4.5~5.5 —20~85 
EPROM Version| _16K M37704E2AFS 
80D0 4.5~5.5 —20~85 
with window 32K 1024 M3TT04E4BFS 
M37TT04S1AFP —20~85 
Saar | i say, [PMSTTONSY AP gene 
512 M37705M2A X X XSP 45~5 5 —20~85 
Macnn M37705M2E x x xSP ; —40~85 
2 1024 M37705M3B X X XSP 









ah —20~85 
32K 


—20~85 


— 40~85 


M37705M4B xX X XSP 
M37705E2A x x X SP 
M37705E2E x X xSP 


M37705E4B X x xSP 


















One time 16K 512 


PROM 


2K 
EEROM Version! seu 512 | M37705E2ASS 64S1B-E 4522555 ~20~85 
with window 
M37705S1ASP —20~85 
4.5~5. 


*EPROM versions with window are used for evaluation only. They must not be used for mass-production. 
%& : New product ** : Under development 
Note. Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK<SINGLE-CHIP 16-BIT MICROCOMPUTERS>Vol. 1”. 
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MEGENERAL PURPOSE bald ENHANCED ANALOG I/O FUNCTION 


Power supply| Operating 
Memory type (Byte) Type No, Package voltage ae 
RAM & 
eae 
scram ge ae [TOME RP 
M37T710M8L xX X XHP 
| 32K 


1024 



















‘One time 
PROM 60K 2048 










M37710E8B x X X FP 
M37710E8L x x X HP 
EPROM Version sek 1024 | M37710E4BFS eae 


80D0 4.5~5.5 —20~85 
with window 2048 M37710E8BFS | -mmas | 23 


External ROM 2048 M37710S4BFP 80P6N-A 4.5~5.5 —20~85 2-115 


* EPROM versions with window are used for evaluation only. They must not be used for mass-production. 














Power supply; Operating 
voltage | temperature 


MIDMA CONTROLLER BUILT-IN 
rang 


Memory capacity 
Memory type (Byte) Type No. Package 


externeiom | — | sit | Marv20SiAFP woores-a | as~ss | —g0~es | 2-108 | 











MIGENERAL PURPOSE OF EXTERNAL ROM 


Memory capacity Power supply Operating 
(Byte) Te No. Package voltage a Page 
RAM (V) (°C) 


















Memory type 
is 64P6N-A 
M37730S2BFP 64P6N-A 
- 5~5., ~20~85 
See on M37730S2ASP 64P4B a ae : 
M37730S2BSP 64P 4B 





NIGENERAL PURPOSE OF EXTERNAL ROM WITH PULSE OUTPUT PORT 


Memory capacity Power supply| Operating 
Memory type ie oe | Type No. Pakage voltage so 
(V) () 


2 
po taints 80P6N-A 4,5~5.5 —20~85 
External ROM 2048 Note 


M37732S4L GP 80P6S-A 
2.7~5.5 —40~85 
M37732S4LHP _ g0P6D-A paras | aos 


%& : New product ** : Under development 
Note. Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOKK<SINGLE-CHIP 16-BIT MICROCOMPUTERS>Vol. 1” 
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MEMELPS 7700 Development Support Tools (1) 


M37702 |M37702M2AXXXFP  |Mask ROM 
M837702M2BXXXFP(%*1) 
M37702M2LXXXGP (x2) 
M87702M?L XXXHP(*2) 
M37702M3BXXXHP (#1) 
M37702MDBXXXFP (#1) 
M37702M4AXXXFP 

M37702M4BXXXFP (31) 
M37702M4EXXXF P 

M37702M4LXXXFP(*2) 
M37702M4LXXXGP (x2) 
M37702M6BXXXFP(*1) 
M37702M6LXXXFP(*2) 
M37702MBBXXXFP(#1) 
M37702MBLXXXHP(*2) 


M37702E2AXXXFP {One Time PROM 


M37702E4AXXXFP 
M37702E4BXXXFP (#1) 
M37702E4EXXXFP 
M37702E4LXXXFP(x*«2) 
M37702E6BXXXFP (* 1) 
M37702E6LXXXFP (x2) 
M37702E8BXXXFP (x 1) 
M37702E2AFS 
M37702E 2BFS(% 1) 
M37702E4AFS 
MB37702E4BFS(« 1) 
M37702E6BFS(« 1) 
M37702E 8BFS(% 1) 
M37702S1 AFP 
MB37702S1BFP(3* 1) 
M37702S1LGP(2«2) 
M37702S4AFP 
M37702S4BFP(* 1) 
M37703M2AXXXSP_ |Mask ROM 
M37703M2BXXXSP(* 1) 
M37703M3BXXXSP(* 1) 
M37703MDBXXXSP (* 1) 
M37703M4AXXXSP 
M37703M4BXXXFP (#1) 
M37703E2AXXXSP {One Time PROM 
M37703E2BXXXSP (1) 
M37703E4AXXXSP 
M37703E4BXXXSP (*1) 
M37703E4E XXXSP 
M37708S1ASP External ROM 
M37703S1BSP(3«1) 

M37703S4ASP 

M837703S4BSP(3« 1) 
















PCA4774G02 


PCA4775 
PCA4773 
PCA4774G02 
























PCA4775 
M37702T-HPD | PCA4774G02 
or 
%3 x3 %3 | M37702TB-HPD 
or PCA4775 
! M37702TL-HPD | PCA4708G02 






M87703 










PCA4709 





* 1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be 
configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD. 

%2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system 
must be configured by a combination of the emulator and the M377XXTL-HPD. 

*3.These tools are provided by the third parties . The third-party tools are sold and technical supported by each third party. Also 
note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor. 
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DEVELOPMENT SUPPORT TOOLS 


MIMELPS 7700 Development Support Tools (2) 
| Group [| TypeName | ~=ROMType__|Assembler|C Complier| Simulator Debugger | ICE Debugger | Emulator | Emulation Pod 
M37704M2AXXXFP | 

M37704M2EXXXFP 
M37704M3BXXXFP (#1) 
M37704M4BXXXF P 
M37704E2AXXXFP 
M37704E2EXXXFP 
M37704E4BXXXFP(«1) 


M37704 
M37704E2AFS EPROM with 
M37704S1 AFP External ROM 
M37705 |M37705M2AXXXSP_ [Mask ROM 
M37705E2AXXXSP [One Time PROM 





ROM-write Adapter 





























One Time PROM PCA4774G02 












M37704T-HPD 
or 
M37704TB-HPD 


PCA4708G02 


MS37705E2ASS EPROM with Window 


M37705S1ASP External ROM 
MS37705S1ESP 


M37710 |M37710M4BXXXFP(*1) 
M37710M8BXXXFP(*1) 
M37710MBLXXXHP (x2) 
M37710E4BXXXFP(%1) |One Time PROM 















PCA4774G02 
M37710TL-HPD 


Ss 
S 


PCA4708G02 


M37710E4BFS(%1) {EPROM with 
Nsricesarse) |v 

ternal ROM 
temal ROM 


| M37730S2AFP 


M37730S2ASP 


m 


M37720T-HPD . 


M37730T-HPD 
or 
M87730TB-HPD 










M37730S2BF P( 1) 
M37730S2BSP(%* 1) 
M37732S4AFP 










M37732T-HPD 


mM mim 
§ $ 
QV Be) 
e 2 


M37732S4BFP(% 1) or 
M37732S4LGP(%*2) M837732TB-HPD 
M37732S4LHP(%«2) geese on 


%*1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be 
configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD. 

2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system 
must be configured by a combination of the emulator and the M377XXTL-HPD. 

%3.These tools are provided by the third parties . The third-party tools are sold and technical supported by each third party. Also 
note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor. 





I= af MITSUBISHI 
ee ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


DOCUMENTS 





DOCUMENTS 

The documents tables of the 7700 series are described bel- 
low. 

Ask for these documents to the contact addresses on the end 
of this book. 


MEUSER’S MANUAL (Date : 16 Oct., 1993) 
Document name 

M37702 Group USER’S MANUAL H-EA004-A 

M37703 Group 

M37710 Group USER'S MANUAL TBD 

M37720 Group USER'S MANUAL _| Ask the contact ad- 

(Preliminary) dresses , directly. 

M37732 Group USER'S MANUAL |H-EB134-A et” 

M37730 Group 

















Mi SOFTWARE MANUAL (Date : 16 Oct., 1993) 


[Decumentname «No. 
MELPS 7700 SOFTWARE MANUAL | H-E0112-A 


APPLICATION NOTES (Date : 16 Oct., 1993) 


Document name 


M37704M2-XXXFP MOTOR DRIVE) H-BAO02-A 


CONTROL APPLICATIONS 
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ORDERING INFORMATION 





FUNCTION CODE 


Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. | 


For Mitsubishi Original Products 
Example: M 3 77 02 E 4 - 0Q0O1 FP 


M : Mitsubishi integrated prefix 
3 : Represent an original single-chip microcomputer 
Series designation using 2 digits 
Circuit function identification code using 2 digits 
Memory identification code using a digit 

E : PROM P *: Piggyback 

M : Mask ROM S : External ROM 

N = Mask ROM+EEPROM 
Memory size identification code using a digit 
Normally, using hyphen. 
When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobile, industrial equipment 
Mask ROM number 
Package style 

J  :PLCC, or SOJ package 

FP : Molded plastic flat package 





v 


FS : Ceramic flat package 
SP : Molded plastic shrink package 
SS : Ceramic shrink package 


PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example:64 P 4 8B 
Number of pins 
Package structure 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 
Package outline 


0 - PLCC, SOJ 4 :DIP 
1 : DIP 6 : QFP 
2 : SOP 


Secondary outline code 


Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 
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PACKAGE OUTLINES 





64P4B Plastic G4pin 750mil SDIP 


FIAJ Package Code JEDEC Code Weight (¢) 
spipo64-P-0750 | ll Ci id TQ 


Scale : 1.5/1 


Dimension in Millimeters 


ee es ee 


Sa We 
lie te Le LL. 


SEATING PLANE 





64P6N—A Plastic 64pin 14x 14mm body QFP 


EIAJ Package Code JEDEC Code 
*QFPOG4-P-1414_ | 


Scale : 2.5/1 


N 
2 
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1. INTRODUCTION 


A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSlIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The !EC document which 
describes ‘‘Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories” is 
introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 


2. LETTER SYMBOLS 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 


2.1. General Form 


The dynamic parameters are represented by the general 
symbol of the form:- 


TAIBC=OCIE - cutintsseentoteaieouendes (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 


Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1 Subscripts A to F may each consists of one or more letters. 


2 Subscripts D and E are not used for transition times. 

3 The ''—" in the symbol (1} above is used to indicate ‘‘to’’, hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times. Where no misunder- 
standing can occur the hyphen may be omitted. 


2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to: 


ta(B—p) 
or  Tta(B) 
or ta(p) — often used for hold times 
or tar — no brackets are used in this case 
or ta 


or tpc—pe — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding. 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter) 


The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. Erasure ER 
The letter symbols so far proposed for. memory circuits Output enable G 
are listed in sub-clauses 3.1 and 3.2 below. Program PR 
All subscripts A should be in lower-case. Data output | QO 

Read JR 
3.1. Timing Requirements Row address RA 
The letter symbols for the timing requirements of semi- Row address strobe RAS 
; , Refresh RF 
conductor memories are as follows: 3 
Read/Write RW 
Term Subscript Chip select S 
Cycle time ‘ Write (write enable) Ww 
. ; ; Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex- 
Time interval between two signal events d A NEEINS cia ata aeeh | 
Fall time f 2 It should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z. (See clause 5) 

. : 3 If the same terminal, or signal, can be used for two functions (for example 
Precharging time pe Data input/output, ReadMWrite) the waveform should be tabelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter. 
Refresh time interval rf 5. SUBS 
Setun tiie - : CRIPTS C AND E 
Tancioactinie > (For Transition of Signal) 

Pulse duration (width) | Ww The following symbols are used to represent the level or 
state of a signal : 

3.2. Characteristics Transition of signal Subscript 
The letter symbols for the dynamic characteristics of High logic level H 
semiconductor memories are as follows : Low logic level L 

. ; Valid steady-state level (either low or high) V 
Characteristic Subscript : , : F 
Unknown, changing, or ‘don’t care’ level Xx 
Access time a High-impedance state of three-state output Z 
Disable time dis ens Mises 

The direction of transition is expressed by two letters, 
Enable time en ; ; 

: the direction being from the state represented by the 
Propagation time p 

first letter to that represented by the second letter, with 
Recovery time rec 
s8 : the letters being as given above. 
Transition time T ; 

Ban uss When no misunderstanding can occur, the first letter 

Valid time Vv 


may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 


] d E should be | -case, 
4. SUBSCRIPTS B AND D All subscripts Can should be in upper-case 


Note Recovery time for use as a characteristic is limited to sense recovery time. 


‘ a Subscript 
(For Signal Name or Terminal Name) 
The letter symbols for the signal name or the name of Examples Full Abbreviated 
the terminal are as given below. Transition from high level to 
All subscripts B and D should be in upper-case. low level HL L. 
Fransition from low level to 
Signal or terminal Subscript high level LH H 
Transition from unknown or 
Address 7 A changing state to valid state XV V 
Clock C Transition from valid state to 
Column address CA unknown or changing state VX x 
Column address strobe CAS Transition from high-impedance 
Data input D state to valid state ZV V 
; Note’ Since subscripts C and E may be abbreviated, and since subscripts B and D 
ks input/output ba may contain an indeterminate number of letters, it is necessary to put the 
Chip enable ; E restriction on the subscripts B and D that they should not end with H, L, 


V, X,or Z, $0 as to avoid possible confusion. 
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6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
Operation, test conditions, etc. The letter symbols for 
subscript F are given below. 

Subscript F should be in upper-case. 


Modes of operation Subscript 
Power-down PD 
Page-mode read PGR 
Page-mode write PGW 
Read R 
Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write W 
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C, Input capacitance 
Co Output capacitance 
Cio Input/output terminal capacitance 
Cig) input capacitance of clock input 
f Frequency 
f¢4) Clock frequency . 
| Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value. 
les Supply current from Veep 
Ips (av) Average supply current from Vgp 
loc Supply current from Voc 
loc(av) Avarage supply current from Vcc 
loc(pp) Power-down supply current from Voc 
lop Supply current from Vpp 
Ipp(av) Average supply current from Vpp 
lec Supply current from Veg 
lea(av) Average supply current from Veg 
I, Input current 
hie High-level input current—the value of the input current when Voy is applied to the input considered 
ti Low-level input current—the value of the input current when Vo, is applied to the input considered 
lon High-level output current—the value of the output current when Voy is applied to the output considered 
lot Low-level output current—the value of the output current when Vo, is applied to the output considered 
loz Off-state( high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off(high-impedance) state at the output 
loz Off-state( high-impedance state) output current, with high-level voltage applied to the output 
loz Off-state( high-impedance state) output current, with low-level voltage applied to the output 
los Short-circuit output current 
Iss Supply current from Vsg 
Pd Power dissipation 
New Number of erase/write cycles 
Nera Number of read access unrefreshed 
R, Input resistance 
Ri External load resistance 
Rore Off-state output resistance 
Ron On-state output resistance 
ta Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 
ta(a) ta(ap) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 
ta(cas) Column address strobe access time 
ta(e) ta(ce) Chip enable access time 
ta(a) ta(oe) Output enable access time 
ta(pr) Data access time after program 
ta(ras) Row address strobe access time 
ta(s) ta(cs) Chip select access time 
tc Cycle time 
tor tc(RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 
torr to(REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 
tcpe te(pa) Page-mode cycle time 
tormw tc(Rmw) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 
the next cycle 
tcw te(wr\) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 
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New symbol | Former symbol Parameter—definition 


td 

tas) 
td(cas-RAs) 
tdicas-w) 
td(Ras-cas) 
td(ras-w) 
tdisir-o) 
tdis(s) 
tdis(w) 
too 

toy 
ten(a-a) 
ten(r-a) 
ten(s-a) 
tf 

th 

thia) 
thia-e) 
th(a-pR) 
thicas-ca) 
thicas-p) 
thicas-a) 
thicas-Ras) 
thicas-w) 
thio) 
th(p—pr) 
thie) 
thie-p) 
thie-c) 
thir) 

thi Ras-ca) 
th(Ras-cas) 
thi Ras-p) 
thi ras-w) 
this) 
thiw) 
thiw-cas) 
thiw-p) 
thiw-ras) 
teHL 

teLH 

tr 

trec(w) 
trec(Pp) 


tsu 


tsu(a) 
tsu(a-E) 
tsu(a-w) 


tsu(ca-Ras) 





tdicas wr) 


td(ras-wr) 
tdis(R-Da) 
tpxz(cs) 


texz(wr) 


tezv(a-DQ) 
tpzv(R-DQ) 


tezx(cs-pa) 


thiap) 
thcap-cE) 


th(ap-pRO) 


th(cas-Da) 


thicas-our) 


thicas-wr) 
thcpa) 
th(pa-PRo) 
thice) 
thice-pa) 
thice-o€) 


thcrb) 


thi Ras-pa) 
th Ras-wr) 
thics) 
thiwr) 
thiwr\-cas) 
thi we-pa) 


th( wr-RAS) 


twr 


tri pp) 


tsu(ab) 
tsu(AD-cE) 


tsu(ap-wr) 








Delay time—the time between the specified reference points on two pulses 

Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock | 
Delay time, column address strobe to row address strobe 

Delay time, column address strobe to write 

Delay time, row address strobe to column address strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 


High-level to low-level delay time | the time interval between specified reference points on the input and on the output pulses when the output is 


Low-level to high-level delay time | 90ing to the low (high)level and when the device is driven with a specified loading networks 


Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 
Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 
Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 
Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 
Column address strobe hold time after row address strobe 
Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 


High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 


output is going to the low (high)level and when the device is driven and loaded by typical devices 
of stated type 


Low-level to high-level propagation time 

Rise time 

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle 

Power-down recovery time 

Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 
tarnsition at another specified input terminal 

Address setup time 

Chip enable setup time before address 


Write setup time before address 


Row address strobe setup time before column address 
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New symbol {| Former symbol Parameter—definition 


tsu(p) 
tsu(p-e) 
tsu(p-w) 
tsuce) 
tsu(e-p) 
tsu(c-e) 
tsu(p-e) 
tsu(pp) 
tsucr) 
tsu(R-cas) 


tsuc RA-CAS) 








tsu(pa) 
tsu(Da-ce) 
tsu(pa-wr) 
tsu(ce) 
tsu(ce-p) 
tsu(oe-ce) 


tsu(p-ce) 


tsu(Rb) 


tsu(Ra-cas) 








Data-in setup time 

Chip enable setup time before data-in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 
Chip enabie setup time before precharge 
Power-down setup time 

Read setup time 

Column address strobe setup time before read 


Cloumn address strobe setup time before row address 





tsu(s) tsu(cs) Chip select setup time 
tsu(s-w) tsu(cs-wr) Write setup time before chip select 
tsu(w) tsu(wr) Write setup time 
trae High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is 
going to the low(high)level and when a specified input signal is applied through a specified network and 
troy Low-level to high-level transition time | the output is loaded by another specified network 
tyia) tdv(ap) Data valid time after address 
tye) tdv(ce) Data valid time after chip enable 
tv(E)pR tv(cE)PR Data valid time after chip enable in program mode 
tv) ick Data valid time after output enable 
tv(pR) Data valid time after program 
tvs) tvics) Data valid time after chip select 
tw Pulse width (pulse duration)the time interval between specified reference points on the leading and training edges of the waveforms 
twie) tw(ce) Chip enable pulse width 
tw(eH) tw(ceEH) Chip enable high pulse width 
twieL) tw(eL) Chip enable low pulse width 
tw(pr) Program pulse width 
tw(R) tw(rb) Read pulse width 
twis) twics) Chip select pulse width 
twow) tw(wr_) Write pulse width 
tw(¢) Clock pulse width 
Ta Ambient temperature 
Topr Operating temperature 
Tstg Storage temperature 
Ves Vee supply voltage 
Voc Vcc supply voltage 
Vop Vop supply voltage 
Vac Vee supply voltage 
Vv; Input voltage 
Vin High-level input voltage—the value of the permitted high-state voltage at the input 
Vi Low-level input voltage—the value of the permitted low-state voltage at the input 
Vo Output voltage 
Vou High-level output voltage—the value of the guaranteed high-state voltage range at the output 
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output 
Vss Vss supply voltage 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
‘applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy “Quality First”, and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Single-chip 16-bit Micro- 
computer. 


2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 


2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 

new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery etc. 


2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows. 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 


(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 
-Electrical characteristics and visual inspection, lot by 
lot sampling 
-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 


2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 

At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 

Table 1 TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 


Test condition 
230°C, 5sec. Rosin flux 
260°C, 10sec. 

—55°C, 125°C, 15cycles 
—65°C, 150°C, 100cycles 
250gr, 90°, 2arcs 

1500G, 0. 5msec. 

20G, 100~2000Hz 

X, Y, Z direction 
4min./cycle, 4cycles/direction 
Constant acceleration _| 200006, Y direction, I min. 
Ta=125C, Vecmax 

| 1000hours 





Solderability 
Soldering heat 

| Thermal shock 
Temperature cycling 
Lead fatigue 

Shock 


























Vibration 














Operation life 





High temperature 
storage life 


cmon 1000hours 





High temperature and 


“ g 
high humidity 85°C , 85%, 1000hours 











Pressure cooker [121 C, 100%, 100hours 
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2 
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Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 





1—22 | 9 MITSUBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


QUALITY ASSURANCE AND RELIABILITY TESTING 





2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of “Analysis Re- 
quest of Returned Product” 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 


RETURNED PRODUCT 
ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 


FAILURE ANALYSIS 










generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 


for the design, fabrication, assembly or testing of the pro- 


duct to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 


‘ OE RR gee ne aes ee eee sae | 
| VISUAL INSPECTION | 
| 
| ELECTRICAL | 
| CHARACTERISTICS TEST | 
| | 
| CLASSIFICATION OF | 
FAILURE MODES | 
| 
| ACCEPTANCE |6 | 
5 | 
| tw 
Ww 
| ul | 
| | 
INTERNAL VISUAL 
| inghecvion | 
| | 
| CHARACTERISTICS TEST | 
| «| REJECTION | 
[ACCEPTANCE] Nee ete 4 ee eee ae 
CONFIRMATION OF 
cr. __ FAILURE CAUSE, 



















REPORT 
GENERATION 


CORRECTIVE ACTION 





CONFIRMATION 
OF QUALITY 





REPORT TO 
CUSTOMER 





INVESTIGATION OF CAUSE] —s | SACRE RECORD 


PRELIMINARY 





FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 






NO GO 





Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS ature operating life and high temperature storage test and 
The reliability test results for Mitsubishi Single-chip 16-bit the results of the environment tests of thermal stress, high 
Microcomputers are shown in Table 2. . temperature/high humidity and pressure cooker test for the 
Table 2 shows the result of endurance tests of high temper- _— Single-chip 16-bit Microcomputer. 


Table 2 ENVIRONMENTAL TEST RESULTS 





! Series Type Number Test Condition UT REY OU Renee Hous EMIS SE of 
: Samples | (Hours) | Failures 


M37702M4B x X X FP 38000 
M37703M2A X X XSP 38000 
| MELPS 7700 M37720S1AFP | / 38000 


High-temperature | | M37730S2AFP | pe 38000 
-——__—_--———__———_—_—_c— i 
operating life M37732S4L GP : 38000 


MS url ics} 


' 


| M37702E4B X X X FP_ "38000 
; Built-in PROM version | M37704E2A x x X FP 38000 
| M37710E4B Xx x X FP | 32000 | 
_ | M37702M4B X x X FP | 22000 | 


ERE CER 


| M37703M2A X x X SP | 22000 
_MELPS 7700 | M37720S1 AFP 7 | 22000 
High-temperature | M37730S2AFP | 22000 
storage ! M37732S4L GP | 22000 
: M37702E4B x xX X FP | 22000 
| Built-in PROM version | M37704E2A x x X FP 22000 
(=: M37710E4B x x X FP | | 32000 
| | M37702M4B X X X FP | | / 22000 
| M37703M2A x x XSP | 22000 
| MELPS 7700 M37720S1 AFP ' 22000 
High-temperature, M37730S2AFP ‘ 22000 
orale with bias! M37732S4L GP Soy neo Meee | 2 / 22000 

| M37T02E4B Xx x XFP | 22000 
Built-in PROM version | M37T04E2A X X X FP | ' 22000 


| M37T10E4BX XXFP . | 22000 














Oo 











oO1o; al; o;o!]|o|;o 





























ea eek treet eae | 
Low-temperature _MELPS7700 | M37702M4Bx x XFP . Pere 22000 
operating life "Built-in PROM version | M37702E4B x X XFP\ — 22000 

















Series Type Number Test Condition 96Hours  240HOurs | 500Hours 


| M37702M4B X X X FP 0/22 0/22 0/22 


M37703M2A x X X SP 0/22 0/22 0/22 
| eer unncereeeees 


ea ied SEES Send ere TC | 


| MELPS 7700 M37720S1AFP | 0/22 0/22. 0/22 











M37730S2AEP 0/22 0/22 0/22 
p k Sade Ee aloe eee 21°C, 100%RH 

pegslibe: Sooker M37732S4L GP Pele ettGat 0/22 0/22 0/22 
M37710E4B x X X FP 0/22 0/22 0/22 
| Built-in PROM version | M3T704E2A X X XFP 0/22 0/22 0/22 


M37710E4B X xX X FP 0/22 0/22 0/22 





























Po, % MITSUBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


QUALITY ASSURANCE AND RELIABILITY TESTING 


10 100 300 
Cycles Cycles Cycles 


M37702M4B XxX x X FP 0/22 0/22 0/22 
M37703M2A x X XSP 0/22 0/22 0/22 

L 

MELPS 7700 M37720S1AFP 0/22 0/22 0/22 


| M37730S2AFP 0/22 0/22 0/22 
T fra CuCl $5 ~150°C 
Sean M37732S4L GP c 0/22 0/22 0/22 


M37702E4B X x X FP 0/22 0/22 0/22 
Built-in PROM version | M37704E2A x X XFP | 0/22 0/22 0/22 
M37710E4B x Xx FP 0/22 0/22 0/22 


Series Type Number Test Condition 


rer tee 









































Pack 
eel See 


100P6D 


Soldering Heat | 260°C 10sec 0/22 | 0/22 


Thermal Shock __| —55°C/125°C_15cycle 0/22 | 0/22 | 0/22 | 0/22 
Solderebility | 230°C S5sec Using a rosin-type Flux 0/22 | 0/22 | 0/22 | 0/22 


Free Fall ] 75cm onto a maple wood board 3times 0/22 0/22 0/22 0/22 


Shock -[1500G 0.5msec__X, Y, and Z directions 0/22 | 0/22 | 0/22 | 0/22 | 0/22 



































20G X,Y,andZdirections 4times 100 
~2000Hz 4minutes/Cycle 0/22 | 0/22 | 0/22 | 0/22 


ceil 
Constant Acceleration | 2000G Ydirection tIminute 0/22 0/22 0/22 0/22 


Tose cizse) 90° Berding 2times, *50g, 90° (0/15) | *0/15 | *0/15 | (0/15) 
500g(250g) Tension 30sec, *100g, 30sec (0/15) | *0/15 | *0/15 | (0/15) 


Vibration 




















Lead Integrity 
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4 FAILURE ANALYSIS | 
Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 
Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 
Figure 3, Figure 4 and Figure 5 are examples of a fai- 
lure occured by high temperature storage test of 225°C, 
1000hours. 


Au-Al intermetallic formation, so-called “Purple 
plague” by thermal overstress makes Au wire lift off 
from aluminum metallization. The activation energy of 
this failure mode is estimated at approximately 1.0eV 
and no failure has been observed so far in practical 
uses. 





Fig.6 
Micrograph of corroded 
Aluminum metallization 





Fig.3 
Micrograph of lifted Au ball trace 
on Al bonding pad 








Fig.7 Enlarged micrograph of corroded 
Aluminum bonding pad 





Fig.4 ' Fig.5 
Au-Al plague formation Lifted Au wire ball base 
on bonding pad 


(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 
Figure 6, Figure 7 and Figure 8 are examples of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121°C, 100%RH, 
1000hours duration. 
Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 





Fig.8 Cl distribution on corroded Aluminum 
bonding pad 
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(3) Destructive Failure by Electrical Overstress 
Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are examples of failure 
observed by surge voitage test. The trace of destruc- 
tion is verified as the aluminum bridge by X-ray micro 
analysis. 









Fig.9 Micrograph of surge 
voltage destruction 


stat ensmmeeened! 


SO arTy 


Fig.10 Aluminum trace of 
destructive spot 


| os 





(4) Aluminum Electromigration 
Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 


‘Voids and hillocks formation 
by Aluminum electromigration 





Fig.11 


5 SUMMARY 

The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. The customer's in- 

terests and requirements for high reliability |C & LSI are in- 
creasing significantly. To satisfy customer's expectancy. 

Mitsubishi as an IC vendor, would like to make perpetual 

efforts in the following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. | 
_ If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. | 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 


2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 


When MOS IC/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 


in their vicinity. For this reason, MOS IC/LSIs should be 


protected from electrostatic charges while being transported 

and stored by conductive rubber foam, aluminum foil, 

shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1M {2 resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 


. Current leakage from electric equipment must be 


prevented not only for personne! safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 


. PRECAUTIONS FOR MOUNTING OF 


MOS IC/LSIs 


. The printed wiring lines between input and output ter- 


minals of MOS IC/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. 


. When input/output, or input and/or output, terminals 


of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 


_A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LS!I. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not be placed near 


input or output terminals of any MOS IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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M37710 GROUP 

The M37710 group is a general purpose microcomputer and 
a higher group in rank than the M37702 group. This group has 
enhanced peripheral functions of the M37702 group. Espe- 
cially, the following were added: 


@10-bit A-D converter 
@8-bit D-A converter 
@Pulse output port 


The M37710 group suits to needs of industrial and public wel- 


fare equipments in recent years and can realize a high-level 
control. 


FEATURES 


@Choice of low supply voltage ; 2.7V—5.5V, wide operating | 


temperature range (“L” version) 
@Choice of large internal memory 
BIO sscenuseacnanaceacouueesnashereaecestdetuteseinmenhumntee ess 60K bytes 
SEAM crcsancunccsersinecs vastness ae Meese aed: 2048 bytes 
@Available one time PROM version and windowed EPROM 
version 
@Peripheral functions 


SO OOE es rese ire cies yaaa lech ate tenance nt leet ete dacneacedensenoanerees) 68 
SINLGITUDL. Serr iatciavee adeno tenuncttere tines 19 types, 7 levels 
*Multiple function 16-bit timer ............. cc eeceseseeneeeeeeeeeeees 543 
*Serial I/O (clock synchronous / asynchronous) ............... 2 
°10-bit A-D converter... eee 8-channel inputs 
eB-bit D-A. CONVOINGl ac. coessedecccconenuaind or teaceresccevancedeavae tens 2 
12-bit watchdog timer | 

*Pulse OUtpUt POFT ....... eee eee ceeeeeeeeeeees 4 bits X 2 channels 

APPLICATION 


Control devices such as Copier, HDD, Data terminal, Print 
engine for page printer, Cellular radio telephone, Cordless 
telephone, Radio communication, Personal information 
equipment, Electronic music instrument 


Type name 


Represent MELPS 7700 





M37710 group expansion 


Group name] Memory size Package 
type | + Memory (Byte) ¢ Supply Vol.| (Note 1) 
identification A | Boi L | 

32K |1024| sx | — | 
ROM 60K | 204 oop 


QFP 
os 7710E4 | 32K | 1024 BOPEN-A) 
PROM M37710E8 | 60K | 204 
Wi M37710E4 | 32K 102s] @ | — 

LCC 

M37710E8 | 60K | 2048] sk3% = (80D0) 

80-pin QFP 

ROM aa pe f= (80P6N-A) 


@:NOW *: NEW xXx: UNDER DEVELOPMENT 


80-pin 





External 


M37710S4 | — 





Note 1. “L” version’s package is 80P6D-A. Confirm its pack- 
age on the following pages. 
2. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 


* About PROM version, refer to “Chapter 3 PROM VER- 
SION”. 


Package type 
/ FP :QFP(0.8mm lead pitch) 
M377 10 M 4 B XXX FP HP :Fine-pitch QFP(0.5mm lead pitch) 


_ Group designation 


Memory identification 
M:Mask ROM*RAM 
E :PROM-RAM 
S :RAM(external ROM) 





FS :QFN(ceramic type) 


Memory size identification 
ae 
|ROM| RAM|| RAM | 


4 | 32K | 1024] 2048 
8 | 60K | 2048], ~_| 


External clock input frequency 
(operating temperature range) 
B :25MHz(Ta=—-20C to +85 C) 
_ L :8MHz(Ta= —-40°C to +85°C, Vec=3V) 
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DESCRIPTION 
The M37710M4BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 


PIN CONFIGURATION (TOP VIEW) 





< 
gy. This is housed in a 80-pin plastic molded QFP. This “ss = 
Fi ‘ ‘ 1 oe Vv) 
single-chip microcomputer has a large 16M bytes address ra ie 
‘ ‘ < “SOG 3 
space, three instruction queue buffers, and two data buffers sSe2eszee8: 2 ¥oq 
for high-speed instruction execution. The CPU is a 16-bit Se ee 3 ra oS S 5 
pRRBRRRERR x Oo Oo 
parallel processor that can also be switched to perform 8- t ‘i rf t ‘i : t es i <e : : : f 
bit parallel processing. This microcomputer is suitable for a0 6a} fea] 67 foe 
office, business, and industrial equipment controller that re- so) Oo 
‘ , . 7 in +> + POs, i 
quire high-speed processing of large data. P6¢/TBI iy +> [3 a] +> PBe/AyD, 
Pés/TBOy +> [4] 1) +» P8,/T,D, 
P6,/INT> +> 60] +> POg/Ag 
FEATURES PEy/INT, ++ [6 <> POA, 
a ee ee EEO Tae Meee ee a eo P62/INTy + +> PO2/Ap 
@ Number a basic instructions 103 P6,/TAd, +> [5 = +> Ph,ih, 
@ Memory size ROM Commerc cer were r evecare esecesescee 32K bytes P6o/TA4qur/RIP 13 - a =I pore PO ,/Aa 
P57/TA3in +> [10 ~N +> POs/As 
RAM ERGO EE CEN DEERE ERR DAE OT OER 1024 bytes P5g/TASyur/ATPI, HN i = ee POa/Aa 
@ Instruction execution time POs'TAZ n/RTPT, <> <= + POz/Ay 
P54/TA2oyr/RTP 1g +> iS +> Plo/Ag/Dg 
The fastest instruction at 25MHz frequency -::-:::-: 160ns P5a/TAL y/RTPO, +> [14] o +> Ply/Ag/Do 
e Sin le ower su | a reye ‘eiigisi(e: eg aie eo: 6 'w ie oS 69 sw ial Oo Go Je Vaal b “ous er siete 5vt 1 0% P55/TAl our/RTP02 —_ x< ad Plo/Ay9/D19 
g P o PP y P5,/TAO)./RTPO, - 16 | x< 149] +> P13/A,4/D,, 
@ Low power dissipation (at 25MHz frequency) P5p/TA0Qur/RTP0y + au [a8] <> P1,/A,2/Dy> 
aide to asda ce Bead Bidhd Sentra eines tee dew 6 95mW (Typ ) P47/DBC* ++ [i] _ - Ple/Aya/D19 
: P4,/VPA* ++ [19] [a6] +> Ple/Ay4/Di4 
e Interrupts cee ee ee ee ee er ee eee ee eee eee ee ee 19 types Yr levels P4./VDA* +> - Pi7/Ay5/D45 
: : ee P4,/QCL* +> [44] +> P2o/A16/Do 
@ Multiple function 16-bit timers 5+3 PiaiMX* <= ae 
(Pulse motor drive waveform can be output.) vas < EC) ca Pathe: 
t + | 24 - 3/Ay9/D3 
e UART (may also be synchronous) dain quineigls wean g Seater ae mon 2 ey ey TCT lsd TT aT 
@ 10-bit A-D Converter:::: rire 8-channel inputs a aa ot 
' QO w b Fr 2 5 WwW i) tw w = - Ow +t 
@ 8-bit D-A converter -:r ttt 2-channel outputs Shen Se So2s5 Sees 
. . a ui ~~ NON & Nees a 
@ 12-bit watchdog timer — OG $9 egies 
+ foe) ~ OO Oo Tt 
@ Programmable input/output a a aagaa 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) rr 68 
Outline 80P6N-A 
*: Used in the evaluation chip mode only 
Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 
Control devices for industrial equipment such as com- 
munication and measuring instruments 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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Clock input Clock output Enable output Reset input (5V) (Ov) (OV) (Ov) (5v) sa input selection input 
Xin Xourt E RESET Voc Vss CNVss5 AVss AVec BYTE 
See aS 
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FUNCTIONS OF M37710M4BXXXFP 


Parameter 





Functions 





Number of basic instructions 


103 





Instruction execution time 


160ns (the fastest instruction at external clock 25MHz frequency) 





Memory size 


ROM 


32K bytes 





RAM 





Input/Output ports 


Multi-function timers 





1024 bytes 





PO~P2, P4A~P8 
P3 


TAO, TA1, TA2, TA3, TA4 


TBO, TBI, TB2 





8 -bitX 8 
4 -bitX | 
16-bit 5 





Serial |1/O 


A-D converter 


(UART or clock synchronous serial I/O) X2 








D-A converter 
Watchdog timer 





10-bitX 1 (8 channels) 





8 -bitX 2 











Interrupts 


12-bitX 1 





3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 





Clock generating circuit 





Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 





Supply voltage 





Power dissipation 


5 V~10% 
95mW(at external clock 25MHz frequency) 











Input/Output characteristic 


| Input/Output voltage 








BV 





| Output current 





Memory expansion 





5 mA 
Maximum 16M bytes 











Operating temperature range 








—20~85C 








Device structure 





CMOS high-performance silicon gate process 





Package 
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PIN DESCRIPTION 


Power supply 
Vss 









Functions 





a 
Q 
9 


Supply 5 V+10% to Voc and 0V to Vss. 






















































Vss externally. 





This is reference voltage input pin for the A-D converter and the D-A converter. 


CNVss CNVsgs input Input This pin controls the processor mode. Connect to Vsgs for single-chip mode, and to Vcc for external ROM 
types. 
RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. . 
Xin Clock input input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xj and Xour. When an external clock is used, the clock source should be connected to the Xin pin 
Clock output Output and the Xour pin should be left open. 
SE Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 
BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 
Analog supply input Power supply for the A-D converter. AVss is also used for D-A converter. Connect AVcc to Vcc and AVsgg to 
AVss | 


Vrer Reference voltage input 


PO )~ PO, I/O port PO 1/0 in single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 
1/O 





‘ 


Pig~P1, I/O port P1 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 


(D1s~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 





P29~P27 1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dp) is input or output when E output is “L” and an address(Ao3~ Aig) is 
output when E output is “H”. 














P39~ P33 1/O port P3 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, R/W, BHE, ALE, and HLDA signals are output. 














P49~P4, 1/O port P4 = 1/0 | In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the func- 


tion as ¢, output pin. 


P5o~P57 I/O port P5 - 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2 and timer A3. P59~P5, also function as output pins for pulse motor 
drive waveform. 














P69~ P67 I/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT; and INT» pins, and input pins for timer BO, timer B1 and 
timer B2. P6> also functions as output pin for pulse motor drive waveform. 











P79~P77 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 
P89~ P87 1/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 
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BASIC FUNCTION BLOCKS 

The M37710M4BXXXFP contains the following devices on a 
single chip: ROM and RAM ffor storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, D-A converter, and 
other peripheral devices such as |/O ports. Each of these 
devices are described below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0;, to FFFFFF,,¢. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 04, to FFi46. 

Built-in ROM, RAM and control registers for 
peripheral devices are assigned to bank 0j4.. 


built-in 


000000;¢ 000000), 


00007 Fi. 
0000801. 


OOFFFFi¢ 
01000016 
00047Fi¢ 


Bank 146 


00087F1¢ 


Bank FE, 


Fig. 1 Memory map 
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The 32K bytes area from addresses 8000; to FFFFi. is the 
built-in ROM. Addresses FFD6,;, to FFFFi¢ are the RESET 
and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 

The 1024 bytes area from addresses 801, to 47F,, contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0i¢ to 7Fig are peripheral devices 
such as I/O ports, D-A converter, A-D converter, UART, 
timer, and interrupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 0, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


Internal RAM 


see Fig. 2 for 
1024 bytes ) 


\, further information 





™~ 
00007F 1, 


Reserved area 


‘S Do not -) 


this area. 


Interrupt vector table 


DOFRDE 1 {A-D conversion 
UART1 transmission 
UART1 receive 


UARTO transmission 
UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 
Timer A3 
Timer A2 
Timer A1 
_Timer AQ 
INT. | 




















Internal ROM 
32K bytes 





INTo 
Watchdog timer 
DBC 
BRK instruction 
Zero divide 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 
oooo00 {| = s—‘(—Csts———— 000040 | Count start flag 
OOOO | ln oo0041 | rr —(i‘“sSCszr 
000002 000042 
000003 o00043 | 
000004 000044 
000005 ooo04s | 
000006 000046 | 5. Ao | 
000007 000047 | 
000009 Port P3 data direction register 000049 
00000B 00004B 
00000C 00004C 
00000D 00004D 
OOO00F 00004F 
000010 000050 
000011 000051 
000012 000052 | TB 
ooo01is3 fr —(‘“‘“‘“‘iés 000053 
000014 00004 fo 
000018 | 000055 
000016 ee eel ae 000056 Timer AO mode register 
000017 | 000057 ‘| Timer A1 mode register 
000018 ff —— 000058 | Timer A2 mode register 
o000i9 «| ee 000059 | Timer A3 mode register 
00001A 00005A ‘| Timer A4 mode register 
QO001 8 scan ee ee cd 000058 
00001 00005C 
oooo1iD | 00005D 
00001E 00005E 
00001F 00005F 
000020 000060 
000021 000061 Watchdog timer frequency selection flag 
000022 000062 Waveform output mode register 
000024 000064 | Pulse output data register 1 
000025 000065 Pulse output data register 0 
000028 ; 000068 
000029 000069 a 
00002A ; OOO06A 
00002C . 00006C 
00002E oooogE | ——“(ti‘“S:*sSSSSSsS 
00002F QoooegF | —tis—“—*iC“‘“(‘“‘“‘“‘CSCSCs*r 
000030 000070 
000031 000071 
000032 000072 
000033 000073 UART1 transmission interrupt control register 
000034 000074 
000035 000075 Timer AO interrupt control register 
000036 000076 Timer A1 interrupt control register 
000037 000077 
000038 | UART 1 transmit/receive mode register 000078 
000039 UART 1 bit rate generator 000079 Timer A4 interrupt control register 
00003A 00007A Timer BO interrupt control register 
00003B 00007B 
00003C ~ 00007C Timer B2 interrupt control register __ 
00003D 00007D | INTo interrupt control register 
00003E Q0007E INT; mtr control S ister 
00003F 00007F 


Note : Do not write to this address. 


Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more _ instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) | 
Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


/ 0 
Program bank register PG 


7 0 


Data bank register DT 


Fig. 3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 


Index register X 


Index register Y 


Stack pointer S 
Program counter PC 
Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 04., but 
when the contents of DPR is FFO1,, or greater, the direct 
page area spans across bank 01, and bank 1j.. All direct 
~ addressing modes use the contents of the direct page reg- 
ister (DPR) to generate the data address. If the low-order 8 
bits of the direct page register (DPR) is “00,,”, the number 
of cycles required to generate an address is minimized. 
Normally the low-order 8 bits of the direct page register 
(DPR) is set to “00,,”. 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. | 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) | 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 

When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when there is. 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “0” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “OQ”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and + 32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(x,.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 
unit 





Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (10) shown in Figure 5. The standard waveforms are 
(1) and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 


Access term 
Port P2 CA XD XAHX DO) 
a ome kl eee Aa 
RS nesters Meee 
SSS 


Access term 


Port P2 
E | 

ae are eer 
fe en 


Access term 


ALE | [| enema! (hy [cere 
i> 


Access term 


ey Ges tee == ae 
7) eee! (tl ee (i Dee 
SS | 


Access term 


CA KD XK D__) 


Access term 


Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area in mem- 
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to “L”. (external data bus 
width to 16 bits) The internal memory area is always tre- 
ated as 16-bit bus width regardless of BYTE. 


internal clock é LE LSU UU UU UU 
Cz XD 

-———J — 

ALE ee Peete 


$$» 
Access term 


CA XD X_ Att X__D__) 


Port P2 


Access term 
C A XD XAtK D) 


Se 
Access term 


CAX DX AFT XD) 
ee ee 


_-—— $s 


Access term 


A : Address 
D : Data 


' These waveforms are at the memory expansion mode and the 
microprocessor mode. 


Access 
method) Access 2-byte}| Access even | Access odd 
simultaneously) address 1-byte | address i-byte 








Fig. 5 Relationship between access method and signals Ap and BHE 
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When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Ag and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit O is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. | 

The bit 2 of processor mode register 0 (address 5Ej,) is 
the wait bit. When external memory area is accessed in 
memory expansion mode or microprocessor mode with this 
bit set to “0”, the width of E signal is extended and access 
time can be extended. 

There are two ways to extend the access time and they are 
selected with the processor mode register 1 (address 
5F 16) bit 0. 

When this bit is set to “1”, the “L” width of E signal in (1) 
becomes twice as long as in (3) and the access time be- 
comes 1.5 times (wait 1). When this bit is set to “0”, the 
ALE signal in (1) and E signal are extended as in (7) and 
the access time is doubled (wait 0). 

However, these signals are not extended when accessing 
internal memory area. 

When the wait bit is set to “1”, these signals are not ex- 
tended when accessing either memory area regardless of 
the value of processor mode register 1 bit 0. 

Waveform (4), (5), and (6) show the entire waveform, first 
half, and last half respectively of waveform (2) for wait 1. 
Waveform (8), (9), and (10) show the entire waveform, first 
half, and last half respectively of waveform (2) for wait 0. 
Instruction code read, data read, and data write are de- 
scribed below. 

Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 


Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is “H”, external 
data bus width is 8 bits and the address to be read is in ex- 
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1), (3) or (7) in Figure 5 is used for instruction code read. 
Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (10) in Figure 5 to perform the op- 
eration. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. | 

Use the SEB and CLB instructions when setting each inter- 
rupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT, to INT) are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective 
section. . 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 





Interrupt priority 


Interrupt request bit 


QO : No interrupt 
1° Interrupt 


Table 1. Interrupt types and the interrupt vector 


addresses 


Interrupts | Vector addresses 
A-D conversion OOFFD6:, OOFFD7;., 
UART1 transmit OOFFD8,, O0FFD9%, 


UART1 receive QOFFDAi, OOFFDBi¢ 
UARTO transmit OOFFDC,, OOFFDD;., 
UARTO receive OOFFDE;,, OOFFDFi. 
Timer B2 OOFFE0,., OOFFE14¢ 





QOFFE2:5 _ OOFFES:g 


Timer BO 
Timer A4 
Timer A3 


OOFFE4,. 
OOFFE6,. 
OOFFE8,, 
OOFFEA,. 
OOFFEC 1, 
OOFFEE1c OOFFEF 6 
INT, external interrupt OOFFFO,, OOFFF1i,¢ 


INT, external interrupt OOFFF2,, OOFFF3;, 
INT, external interrupt OOFFF4,, OOFFF5,, 
Watchdog timer OOFFF61., OOFFF7,, 


DBC (unusable) OOFFF8,, OOFFF9,, 
Break instruction OOFFFA,., OOFFFB,., 
ivi OOFFFC,, OOFFFDi. 


Pest COFFEYy OOF 


OOFFES 4, 
OOFFE7i¢ 
OOFFE9:¢ 
OOFFEBi., 
OOFFED 4, 

















Timer A2 
Timer A1 
Timer AQ 
































Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


Ao oes eee Sec hae ee Ae) 


iain ae 


- Interrupt request bit 
0 : No interrupt 
1: Interrupt 


Interrupt priority 


Polarity selection bit 


0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 
1. Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. . 
Level sense/edge sense selection bit 


0 : Edge sense 
] : Level sense 


Interrupt control register configuration for INT2~INTo. 


Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Addresses 
000070. 
00007146 
00007 246 
0000734. 
0000744. 


Timer AO interrupt control register 00007546 
Timer A1 interrupt control register 000076,. 


Timer A2 interrupt control register 00007716 
Timer A3 interrupt control register 0000784. 
00007946 
00007A4, 
00007Bi¢ 
00007C4, 
00007Di. 
00007Ei6 
00007F 4, 


Interrupt control registers 





A-D conversion interrupt control register 
UARTO transmit interrupt control register 








UARTO receive interrupt control register 





UART1 transmit interrupt control register 





UART1 receive interrupt control register 





———— 





Timer A4 interrupt control register 





Timer BO interrupt control register 








Timer B1 interrupt control register 





Timer B2 interrupt control register 





INT, interrupt control register 





interrupt control register 








INT. interrupt control register 


Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “OQ” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3.. 








Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside @ 





Fig. 7 Interrupt priority 


Level 0 


A-D conversion 


\/ 
Interrupt request UART1 transmit 
UART1 receive 
UARTO transmit 


UARTO receive 


KIKIKIKIKIKIKIKIKIKIKEKTF<1] 


Timer B2 


Timer B1 


a 


Timer BO 


Timer A4 


Watchdog Timer A3 
timer : 
Timer A2 


Timer Al 


oer Db Dip Dip 


Interrupt disable flag | Timer AO 


ee 


INT> 


/\ 


| 


z 
= 


Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different interrupt Table 3. Value set in processor interrupt level (IPL) 
priority resolution time from which one is selected by soft- during an interrupt 

ware. After the selected time has elapsed, the highest interrupt types Setting value 
priority is determined and is processed after the currently Reset . 0 

executing instruction has been completed. DBC | : lf 

The time is selected with bits 4 and 5 of the processor Watended LMet : 








mode register 0 (address 5E,¢) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- Table 4. Relationship between priority level resolution 
itialized to “00,.” and therefore, the longest time is time selection bit and number of cycles 


BRK instruction Not change value of IPL. 


selected. Priority level resolution time selection bit 


Number of cycl 
However, the shortest time should be selected by software. peices anes 





7 cycles of ¢ 


1 4 cycles of ¢ 


2 cycles of ¢ 




















¢ : internal clock 


Internal clock ¢ | fer oele eM deeds Meal ete esl Milf use ts 
Operation code fetch eis es 


Sampling pulse 


Priority resolution time 
/ Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 0 





Fig. 9 Interrupt priority resolution time 


PTET TTT Processor mode register O(5Ei6) 


Piocesser mode bits 
0 0 ‘ Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Evaluation chip mode > 
Wait bit 
0 : Wait 


1] : No wait 
Software reset bit 





The processor is reset when this bit is set to “1”. 








L_1__________ Priority resolution time selection bit 


0 0 : Select 0 in Figure 9 

0 1 : Select 1 in Figure 9 

1 0 : Select 2 in Figure 9 
Test mode bit 


Must be “0” . 
. A eee 2 ee Clock ¢, output selection bit 


0 : No ¢, output 
1 : ¢, output 








Fig. 10 Processor mode register 0 configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 


Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 

¢ Timer 

* One-shot 

¢ Pulse width OCU 


f, ——O 
tig 
faced 


Timer(gate function) 
fs12-——-© O 


Polarity Event counter 


selection 


External trigger 


Down count 


Count start flag 


(4016) 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “0”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
Start flag is “1” and stops when it is “0”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


Data bus (odd) 


Data bus (even) 


|| 8 bits) | | (Higher 8 bits) 


Reload register 


a a 
ui} UT 


Counter(16) 
pian Addresses 


Up/Down TimerAQ 4716 4646 


ieee decremented ee 49,5 4816 


except in event count mode]|__ 
TimerA2 4Big 4Ar6 


4 TimerA3 4Dig 4Cr, 


TimerA4 4Fig 4E16 


Up-down flag O 


(4446) 


Pulse output 


Toggle flip-flop 


Fig. 11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAioyr pin. The output is toggled each 
time the contents of the counter reaches to 0000;.. When 
the contents of the count start flag is “0”, “L” is output from 
TAiour pin. 

When bit 2 is “0”, TAigyt can be used as a normal port pin. 
When bit 4 is “0”, TAi,y can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAi,y pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAijy input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi,, pin input 


7-262, VA oS 2 1 0 


signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAi;y pin must be 
two or more cycles of the timer count source. : 
When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. | 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


: No pulse output (TAioyr is normal port pin) 


: Pulse output 


: No gate function (TAi,,y is normal port pin) 
- Count only while TAi,,y input is “L” 


: Count only while TAiy input is “H” 


: Always “QO” in timer mode 


Clock source selection bit 


00 : Select fz 
01 : Select fig 
1 0 : Select fea 


1 1 =: Select fs12 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag Address 


7 6 5 4 3 ZA 0 a 
COTTTTTT) sree " 


Timer AO count start flag 


Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 


Timer B1 count start flag 





be Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 


Selected clock source fj 


rs ee ES Wes 


Timer mode register 
Bit 4 Bit 3 


UUUUUU Ul 


Timer mode register 


Bit 4 Bit 3 
UUUUUUL WUUUUUUU 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. 

The input signal from the TAi,y pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “O”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAiour pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “0” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAioyr pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAigyr pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAiour pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAigyrz pin be- 
fore valid edge is input to the TAiy pin. . 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000;, (decrement count) or 
FFFF,, (increment count). At the same time, timers AO and 
Ai transfer the contents of the reload register to the coun- 
ter and continue counting. 

Timers A2, A3, and A4 transfer the contents of the reload 
register to the counter and continue count when bit 6 of the 
corresponding timer Ai mode register is “0”, but when bit 6 
is “1”, they continue counting without transferring the con- 
tents of the reload register to the counter. 

When bit 2 is “1”, the waveform reversing polarity is output 
from TAigyr pin each time the counter reaches 0000, 
(decrement count) or FFFFi,¢ (increment count). If bit 2 is 
“0”, TAigyur pin can be used as a normal port pin. However, 
if bit 4 is “1” and the TAigyy pin is used as an output pin, 
the output from the pin changes the count direction. There- 
fore, bit 4 must be “0” unless the output from the TAiour pin 
is not to be used to select the count direction. 

Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
which is halted, it is also written to the reload register and 
the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time and continues counting. For timer 





Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 


Timer A2 mode register 5816 


Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


: Always “01” in event counter mode 

: No pulse output 

: Pulse output 

: Count at the falling edge of input 
signal 

: Count at the rising edge of input 
signal 

: Increment or decrement according 
to up/down flag 





: Increment or decrement according 
to TAigyr pin input signal level 





: Always “0” in event counter mode 


This bit is available for timers A2, A3, 
and A4. 


0 : Reload 
1 : No reload 
This bit is available for timer A3. 
0 : Two-phase pulse signal processing 
in the same manner as timer A2 
1 : Two-phase pulse signal processing 
in the same manner as timer A4 





Fig. 15 Timer Ai mode register bit configuration during 
event counter mode 


76 0 4-362. VO Address 


Up-down flag 4446 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 
Timer A2 two-phase pulse signal 


processing selection bit 
0 : Two-phase pulse signal processing 


disabled 
1 : Two-phase pulse signal processing 
mode 
Timer A3 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
‘disabled | 





1 : Two-phase pulse signal processing | 
mode 
Timer A4 two-phase pulse signal 
processing selection bit 


0 : Two-phase pulse signal processing 
disabled 


1 : Two-phase pulse signal processing 
mode 


Fig. 16 Up-down flag bit configuration 
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A2, A3, and A4, the contents of the reload register are not 
reloaded in the counter when bit 6 of the corresponding 
timer Ai mode register is “1”. The contents of the counter 
can be read at any time. 

Furthermore, in event counter mode, whether to increment 
or decrement the counter can also be determined by sup- 
plying two-phase pulse input with phase shifted by 90° to 
timer A2, A3, or A4. There are two types of two-phase pulse 
processing operations. One uses timer A2 and the other 
uses timer A4. Timer A3 can select one of these two opera- 
tions with bit 7 of the timer A3 mode register. In either pro- 
cessing operation, two-phase pulse is input in the same 
way, that is, pulses out of phase by 90° are input at the 
TAjour (j = 2 to 4) pin and TAjiy pin. 

When timer A2 is used, as shown in Figure 17, the count is 
incremented when a rising edge is input to the TA2,y pin 
after the level of TA2oy7 pin changes from “L” to “H”, and 
when the falling edge is input, the count is decremented. 
For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4oy7 pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4oyr pin and TA4,, pin. When a phase re- 
lated pulse with a falling edge input to the TA4ouyz7 pin is in- 
put after the level of TA4,y pin changes from “H” to “L”, the 
count is decremented at the respective rising edge and 
falling edge of the TA4,y pin and TA4oyrz pin. 

When performing this two-phase pulse signal processing, 
timer Aj mode register bit 0 and bit 4 must be set to “1” 
and bits 1, 2, 3, and 5 must be set to “O” as shown in Figure 
19. 

Bit 7 is used to select whether to perform two-phase pulse 
signal processing for timer A3 in the same manner as timer 
A2 or as timer A4. When this bit is “0”, two-phase pulse 
signal processing for timer A3 is performed in the same 
manner as timer A2 and when it is “1”, it is performed in 
the same manner as timer A4. This bit is ignored for timer 
A2 and A4. 

Note that bits 5, 6, and 7 of the up-down flag (address 
44,,) are the two-phase pulse signal processing selection 
bit for timer A2, A3, and A4 respectively. 

Each timer operates in normal event counter mode when 
the corresponding bit is “O” and performs two-phase pulse 
signal processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


TA2our | | | | | | | | | | 


TA2in | | | | | | | | | | 


Increment Increment Increment Decrement Decrement Decrement 
count count count count count count 





Fig. 17 Two-phase pulse processing operation of timer 
A2 


TA4our | | | | | | | 


SS ee ——— vw a” 
Increment count at each edge Decrement count at each edge 


TA4in 


--—-r_-_---" 
Increment count at each edge 


Netter rt 
Decrement count at each edge 





Fig. 18 Two-phase pulse processing operation of timer 
A4 


Addresses 


/ Timer A2 mode register 584 
| Timer A3 mode register 5946 


, Timer A4 mode register 5A,,¢ 


0 1 : Always “01” in event counter mode 


0 1 0 0 : Always “0100” when processing 
two-phase pulse signal 
QO : Reload 
1 : No reload 


This bit is available for timer A3 


0 : Two-phase pulse signal processing 


inthe same manner as timer A2 


: Two-phase pulse signal processing 
in the same manner as timer A4 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 
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(3) One-shot pulse mode (10) 
Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must 
be “1”. 
The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 
from the TAi,y pin. Software trigger is selected when bit 4 
is “O” and the input signal from the TAi,, pin is used as the 
trigger when it is “1”. 
Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “O” and at the rise of the 
trigger signal when it is “1”. 
Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 
As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 0000;., the TAioyr pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. 
When the counter reaches 0001,., The TAigyr pin goes “L” 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 
, 
pulse frequency of the selected clock 





X(counter’s value at the time of trigger). 
If the count start flag is “O”, TAigyy; goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. 
_ Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 





Undefined data is read when timer Ai is read. 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


- Always “10” in one-shot pulse mode 


- Always “1” in one-shot pulse mode 





- Software trigger 
- Trigger at the falling edge of TAiy, 
input | 


- Trigger at the rising edge of/TAin 
input ; 








: Always “0” in one-shot pulse mode 











Clock source selection 
0 0 : Select f. 
01 : Select fr, 
10 ° Select fe, 


1 1 : Select fs12 





Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 


Address 
7-654 -3° 2 18 


One-shot start flag 4216 


Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Fig. 21 One-shot start flag bit configuration 
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Selected 
clock source fj 


TAln 

(in case of | | | | 

the rising edge) 

TAiout | | | | 


Example when the contents of the reload register is 0003;, 





Fig. 22 Pulse output example when external rising edge is selected 


Selected 


clock source fj 


TAin 
(in case of | | 
the rising edge) 


TAiour | | 


Example when the contents of the reload register is 0004,, 





Fig. 23. Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) — 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAijy pin (external 
trigger). 

The software trigger mode is selected when bit 4 is “OQ”. 
Pulse width modulator is started and pulse is output from 
TAigyr when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAijy pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “0” and at the rise when it is “1”. 

When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. . 


Then when the timer Ai start flag is set to “1” and a soft- . 


ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 
ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 
1 
selected clock frequency 





xm 


and the output pulse period is 
1 
selected clock frequency 





X (21° —4), 


An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 

The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 

The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 

The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 

The reload register and the counter are both divided into 8- 
bit halves. | 





The low order 8 bits function as a prescaler and the high 
order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 00001, 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5746 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4.mode register 5Ai6 


1 1 2 Always “11” in pulse width modulation 
mode 


1: Always “1” in pulse width modulation 
mode 


0 X : Software trigger 





10 : Trigger at the falling of TAijy input 
11: Trigger at the rising of TAijy input 


0 : 16 bit pulse width modulator 


1 : 8 bit pulse width modulator 





Clock source selection bit 
00 : Select f. 


01 : Select fi, 


10 : Select fea 


11 ° Select fs12 


Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration “H” of pulse is 
1 1 
selected clock frequency X(n +1). selected clock frequency 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the 1 
same as for 16-bit length pulse width modulator except that selected clock frequency 





X(n +1) X m. 


X(n +1) x (28-1). 


1/t}<(2'°—1) 


sacaneniiidamaniaicoec cae 


Selected clock 


source fj 


TAiin xe 
(in case of the |. This trigger is not accepted 
rising edge) 


| 
| 1/f,< (m) | 


Se 


Example when the contents of the reload register is 0003,, 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/tX (n+1) X (28-1) 


Selected clock 
source fj _ 


| iJ 

| | 

| 7 

| | 

TAinn | | | 

(in case of the falling edge) | 3 | : 
elegy ea eee ey Say ee SS 

| 

| 

| 


I 
: /X(n+1) 


Prescaler output 


(when n =2) 


St X(T) 


8-bit length pulse 
width modulator 
output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. : 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “OQ” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection . 
¢ Timer 
fo —O 


fig —O ™N\ width measurement 
fea —-O 
fs12 ——O 

Polarity selection Event counter 


and edge pulse O 
generator 


TBiw & 


(i=0~2) 


* Pulse period measurement/pulse 


Count start flag 


(40,6) 


As shown in Figure 13, the timer Bi count start flag is at the 


same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


Addresses 


Counter(16) Timer BO 5tig 5016 


Timer B1 5316 5216 
Timer B2 5516 5446 


Counter reset 


Fig. 27 Timer B block diagram 





circuit 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “Q”. 
The input signal from the TBijy pin is counted when the 
count start flag is “1” and counting is stopped when it is “O”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “O” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode (10) 
Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “OQ” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. 
The pulse period measurement mode is selected when bit 
3 is “O”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBijy pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBijy pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 
After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 
When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 


counted from the fall of the TBiy pin input signal to the next 
rise or from the rise of the input signal to the next fall as 
shown in Figure 32. | 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBijy pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 0000j.. 
This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to “1” at reset. 


Addresses 
Timer BO mode register 5By, 


765432 1 0 beet mode register 5C4, 


| 


Timer B2 mode register 5D, | 


0 0 : Always “00” in timer mode 
XX : Not used in timer mode and 
may be any 
0 : Always “0” in timer mode 
(timer BO) 
Xx : Not used in timer mode 
(timers B1, B2) 
X : Not used in timer mode 
Clock source selection bit 
0 0 : Select fo 
01 : Select fr, 
10 : Select fe, 


11 :? Select fs12 





Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


| Addresses 
Timer BO mode register 5Bi¢ 


768 63°04 Timer B1 mode register SC ie 


Timer B2 mode register 5Dig - 


0 1 : Always “01” in event counter 
mode 

0 0 : Count at the falling edge of 
input signal 


- Count at the rising edge of 
input signal 

- Count at the both falling edge 
and rising edge of input signal 

- Always “0” in event counter 
mode (timer BO) 


: Not used in event counter 
mode (timers B1, B2) 
: Not used in event counter mode 





Fig. 29 Timer Bi mode register bit configuration during 
event counter mode 
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Timer BO mode register 


Timer B1 mode register 


Timer B2 mode register 


Addresses 
5Bis 


SCi6 
SDi¢ 


1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

- Count from the falling edge of 
input signal to the next falling one 

: Count from the rising edge of 
input signal to the next rising one 

- Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 

: Always “0” in pulse period 
measurement/pulse width 
measurement mode (timer BO) 


00 
01 


10 


- Not used in pulse period 
measurement/pulse width 
measurement mode 
(timers B1, B2) 

Timer Bi overflow flag 
Clock source selection bit 
00 : Select f, 

01 : Select fi¢ 


10 : Select fg, 
] 1 : Select fs10 





Fig. 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse — width 
measurement mode 


Selected clock 
source fj 


Reload register--Counter 


Count start flag 


Interrupt request signal 





Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the falling edge to 


next falling one) 
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Selected 
clock source fj 


Reload register--Counter | | | | | | | | 


Counter+-0 | | | | | | | | 


| 

| 

Count start | 
flag | 

| 

| 


Interrupt 
request signal | | | 


Fig. 32 Pulse width measurement mode operation 
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PULSE OUTPUT PORT MODE 

The M37710 can use several built-in timer As to output 
pulse motor drive waveform. This mode is described below. 
Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of 4-bit 
pulse output ports are used. There are three combinations 
of pulse output ports. When bit 0 of the waveform output 
selection bit in waveform output mode register (address 
62,6) shown in Figure 34 is set to “1” and bit 1 is set to “0”, 
RTP13, RTP1o, RTP1,, and RTP1g become pulse output 
ports. When bit 1 of waveform output selection bit in wave- 
form output mode register is set to “1” and bit 0 is set to 
“0”, RTPO3, RTPOQs, RTPO,, and RTPOg become pulse output 


Pulse width modulation selection bit 
(Bit 4, 5 of 62,, address) 


Timer A3 pulse width modulation output > 


Timer A1 pulse width modulation output -] >o 


_ Pulse output data register 1 
(64,, address) 


Pulse output data register 0 
(65, address) 


Timer Ao | 


Data bus Data bus 
(even) (odd) 


Fig. 33 Block diagram for pulse output port mode 





ports. The ports not used as pulse output ports can be used 
as normal parallel ports or timer input pins. When bit 0 and 
bit 1 of pulse output selection bit are set to “1”, the two 
four-line sets RTP13, RTP12, RTP1;, and RTP1, and RTP0Os, 
RTPO., RTPO,, and RTPO, become pulse output ports. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. In addition, set bit 2 
of the corresponding timer Ai mode register to “1” when us- 
ing RTPQ 9, RTPO2., RTP15, RTP12, and RTP13 as pulse out- 
put port because they are shared with TAigyr (i = 0 to 4). 
Figure 35 shows the bit configuration of timer AO, A2 mode 
registers in pulse output port mode. 


Waveform output control bit 1 
(Bit 7 of 62,, address) 


Reset be. . 


Waveform output control bit 0 
(Bit 6 of 62,5 address) 


Polarity selection bit 
(Bit 3 of 62,, address) 
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Data can be set in each bit of the pulse output data regis- 
ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. 

The contents of the pulse output data register 1 (low-order 
four bits of address 64,,) corresponding to ports RTP13, 
RTP1., RTP1;, and RTP19 are output to the ports each time 
the counter of timer A2 becomes 0000,;,¢. The contents of 
the pulse output data register 0 (low-order four bits of 
address 65,¢) corresponding to ports RTPOs, RTPO2, RTPO,, 
and RTPOQp, are output to the ports each time the counter of 
timer AO becomes 0000;.. 

Each timer starts counting when the content of the corres- 
ponding timer count start flag (address 40,,¢) is set to “1” 
and stops counting when it is set to “0”. When “0” is written 
to a specified bit of the pulse output data register, “L” level 
is output to the corresponding pulse output port when the 
counter of corresponding timer becomes 0000;,¢, and when 
“1” is written, “H” level is output to the pulse output port. 
Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 000046. 

Ports RTP13, RTP12, RTP1;, and RTP1) are applied pulse 
width modulation by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports RTPO3, RTPO2, RTPO,, and RTPO, are applied pulse 
width modulation by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

When outputting to pulse output ports RTPO3, RTPO2, 
RTPO,, and RTPOo, the output data can be reversed by the 
polarity selection bit (bit 3) of the waveform output mode 
register. When the polarity selection bit is “0”, the contents 
of the pulse output data register 0 is output unchanged. 
When the polarity selection bit is “1”, the reversed data of 
the contents of the pulse output data register O is output. 
When pulse width modulation is applied, likewise the polar- 
ity reverse to pulse width modulation can be selected by 
the polarity selection bit. Figure 37 shows example of 
waveforms in pulse output port mode. 

Ports selecting pulse output port mode can control the out- 
put of RTPO3, RTPO2, RTPO,, and RTPQ, with the waveform 
output control bit O (bit 6) and the output of RTP13, RTP1,, 
RTP1,, and RTP1,9 with waveform output control bit 1 (bit 
7). When the waveform output control bit is set to “1”, 
waveform is output from the corresponding port. When it is 
set to “0”, the waveform output from the corresponding port 
is stopped and the port becomes floating. These bits can 
be cleared with an instruction and cleared by reset. 








Address 


Waveform output mode register 624. 


Waveform output selection bit 

0 0 : Parallel port 

0 1 : RTP13~RTP1, selected 

10 : RTPO3;~RTPO, selected 

1 1° RTP13~RTP19 and RTP03~RTPO, 
selected 

O : Always “0” 

(“0” at reset) 


Polarity selection bit 
(available for RTPO03;~RTPO,) 

Q : Positive polarity 

1 : Negative polarity 

Pulse width modulation selection bit by 
timer A1 (available for RTPO;~RTPO,) 


Q : Not modulated 

1 : Modulated 

Pulse width modulation selection bit by 

timer A3_ (available for RTP1;~RTP1)) 

0 : Not modulated 

1: Modulated 

Pulse output control bit 0 

0 : RTPO3~RTPO, waveform output 
inhibited 

1 = RTPO3~RTPO, waveform output 
enabled 

Pulse output control bit 1 

0 : RTP1,~RTP1, waveform output 
inhibited 

1 = RTP13~RTP15 waveform output 
enabled 


Fig. 34 Waveform output mode register bit configuration 


Address 
Timer AO mode register | 
Timer A2 mode register 5816 
1 0 0 : Always “100” in pulse 
output port mode 


X : Not used in pulse output 
port mode 


0 0 : Always “00” in pulse output 
port mode 


Clock source selection bit 


0 0 : Select f. 

01 : Select fig 
10 : Select fe, 
11 : Select fs12 


Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 
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Address 
Pulse output data register 0 65416 


RTPOpo output data 
RTPO, output data 
RTPO,2 output data 
RTPO3 output data- 


Address 


Pulse output data register 1 644, 


RTP1, output data 

RTP1, output data 

RTP1. output data 

RTP1,3 output data 

0 : Always “0” in pulse output port mode 
X : Not used in pulse output port mode 
00 : Always “00” in pulse output port mode 





Fig. 36 Pulse output data register bit configuration 





ae eS 


Output signal at each 
time when timer 
A2 becomes 0000;., 


RTP1, 
(Port P69) 


RTP1, 
(Port P5¢) 


RTP1, 
(Port P5s) 


RTP1, 
(Port P54) 


Output signal at each 
time when timer 
A2 becomes 0000. 


RTP1, 
(Port P6,) 


RTP1, 
(Port P5.) 


RTP1, 
(Port P5;) 


RTP1 5 
(Port P5,) 


Output signal at each 
time when timer 

AO becomes 0000;, 
RTPO3 

(Port P53) 


RTPO, 
(Port P5.) 


RTPO, 
(Port P5, ) 


RTPO, 
(Port P55) 
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Example of pulse output port (RTP13, RTP12, RTP1,, RTP1,) 


eee | nee tee eee Oee FSU: | ree | EQecmmmre | eee | CaSO | |S a 
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Example of the above pulse output port when pulse width modulation is applied by timer A3. 


ene | aan Ne | eee | ENN | Semen! | Seely | <a Reem year, DE 


S$ 
I$ 
00 000 
EEE A ARO 


Example of pulse output port (RTP03, RTPO2, RTPO,, RTPO,) when pulse 
width modulation is applied by timer A1 with polarity selection bit=“1” 
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Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. Figure 38 
shows a block diagram of the serial |/O ports. 

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive 
mode register shown in Figure 39 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (UART) serial I/O port us- 


UART receive 


Bit rate 
generator 


UART0( 314.) 
UART1(39,.) 


Internal 
fea -o ( 


Clock source selection 
fg —o 
f+6 -O 


{512 —o 
Clock synchronous Clock 


External 
(Internal clock) 
<q 


CLKi ( ) 


CTSi/RTSi 





Fig. 38 Serial I/O port block diagram 


Clock synchronous, 


UART transmi 


Clock synchronous 


Clock synchronous 
Internal clock) 
O v- 


ing start and stop bits. 

Figures 40 and 41 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 42 shows the bit configuration of the UARTi transmit/ 
receive control register. 

Each communication method is described below. 


Data bus 


Data bus(even) 


TOT 0101 0/ 0/01 0 DelD7[Ds[D,[D.|Ds]D2]D, [Dol Receive buffer register 


UARTO(3746, 36,6) 
UART1(3Fi¢, 3Ei,) 


Receive register 


Receive | Receive clock 


control 
circuit 


ssion 


Tranemissioni| Pransmission clock 
Transmission register 


TxDj 
CO) 


O 
synchronous 


(External clock) Aner 
Transmission 


buffer register 
: UART0(3316, 3216) 
| UART1(3Bye, 316) 


SADADUCACACACALHES 





Data bus(even 


Addresses 


UART 0 Transmit/Receive mode register 
UART 1 Transmit/Receive mode register 
erial communication method selection bit 
Parallel port 

: Clock synchronous 

7-bit UART 

> 8-bit UART 

110 : 9-bit UART 


Internal clock/External clock selection bit 
0 : Internal clock 


| : External clock 
Stop bit length selection bit 


0 : 1 stop bit 
: 2 stop bits 


a | 
S) 
0 
0 
1 
| 


Q :-Odd parity 


| : Even parity 
Parity enable selection bit 

0 : No parity 

1: With parity 
Sleep selection bit. 

0 : No sleep 

1: Sleep 





3016 
3846 


Fig. 39 UART i Transmit/Receive mode register bit configuration 
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Data bus(odd 


A 


imi a | ml el Receive 


register 


2 stop bit Parity ‘ th 


Stop fA_ | Stop Parity[Oy, 9 bit 
bit Jo PT bit bit Jo d 
D 
No 7 bit 


1 stop bit i 8 hit 7 bit 
Synchronous 





Synchronous 





Fig. 40 Receiver block diagram 
Data.bus(odd 


Data bus(even) 


Ea | a A OT J 


2 stop bit 
: 7 bit ~ 
oe Or, ay d 
bit bit Jo 


QNo O 


parity 
Transmission register 
1 stop bit Synchronous 


«0. 





Fig. 41 Transmitter block diagram 


Addresses 
ee 0 Transmit/Receive control register 0 3446 


UART 1 Transmit/Receive control register 0 3C ig 
Clock source selection bit 
00 : Select f. 


01 : Select fy, 
1 0 : Select fea 
1 1 ° Select fs512 


CTS, RTS selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


CTS, RTS enable bit 
0 : Enable CTS, RTS 
1 : Disable CTS, RTS 


ate: 7 Addresses 
ransmit/Receive control register 1 35 
Beers eee 1 Transmit/Receive control ee 1 3D 
Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
— Receive completion flag 
Overrun error flag 
Framing error flag 


{__________________—_. Parity error flag 


Uke eet Se Error sum flag 











Fig. 42 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial |/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) | 

Bit O of the UART] transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. | 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CS,) and bit 1 
(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by (n +1), then by 2, passed through a 


transmisson control circuit, and output as transmisson clock- 


CLKj. Therefore, when the selected clock is fi, 
Bit Rate=fi/ | (n +1) X2 | 


On the clock receiving side, the CS and CS, bits of the 
UARTK transmit/receive control register aré ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UART) transmit/receive 
control register 0 is cleared to “0” to select CTS; input. The 
bit 2 of the clock receiving side is set to “1” to select RTSk 
output. 

Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive control register 0. Set bit 
4 to “O” when CTS and RTS signals are used, and to “1” 
when they are not used. 

When CTS and RTS signals are not used, the CTS/RTS pin 
can be used as normal port. The following describes the 
case when the CTS and RTS signals are used. If CTS and 
RTS signals are not used, the CTS; input condition is un- 
necessary and there is no RTSk output. 











Transmission | 

Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of 
one is “0”, and CTSj input is “L”. As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. : 
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When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 
mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 44 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj Signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenoj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. 








Receive 

Receive starts when the bit 2 (REx flag) of UART trans- 
mit/receive control register 1 is set to “1”. 

The RTS output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is “L”. 

The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rik 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rik flag indicates that 
the receive buffer register contains the received data. At 
this point, RTS} output goes “L” to indicate that the next 
data can be received. When the Rik flag changes from “0” 
to “1”, the interrupt request bit in the UART, receive inter- 
rupt control register is set to “1”. Bit 4 (OER, flag) of 
UART k transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rlk flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 
The OER k flag is also cleared when the REx flag is 
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cleared. Bit 5 (FER, flag), bit 6 (PER, flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 38, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 


UART) transmission register 


UARTj transmission 
buffer register 


UART) receive buffer register 


UART) receive register 


UART; Transmit/Receive mode register 
olx[x|xfofototy 


UART| Transmit/Receive control 
register 0 


RXR EDSE 


UART; Transmit/Receive control 
register | 


SCE 


Fig. 43. Clock synchronous serial communication 


—at—fe-1/4)X (n +1) X2 


Transmission 
clock 


TE; 


Tihj 


i) ® 
Write in transmission buffer register 
CTS 


—>|—}<— 1/f,X< (n +1) x2 


CLK; 


is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UART k to 
UART}. 


' UART transmission register 


UART transmission buffer register 


UART x receive buffer register 


UART, receive register 


UART, Transmit/Receive mode register 
fo x| x [x] fo fe] 


UART, Transmit/Receive control 
register 0 


PDYX 0 seen] 1 Tx 


UART, Transmit/Receive control 
register 1 


sun] ren|ren|oee] mv | ne] n | re] 





Transmission register--Transmission buffer register 


Stopped because TEj= “0” 


TeNnoj ey | Se een, 5 See en | Soe 
a (DoXDsXD2XD3XOXOSKDEX D7 KOXDXD2KOsKDsXDsKOX Or KOK DsXD2XD3XDzKDsXDeXOr 
TxEPTY; ee te ee I i ee 


Fig. 44 Clock synchronous serial 1/O timing 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

_With 8-bit asynchronous communication, the bit 0 of UARTi 

transmit/receive mode register is “1”, the bit 1 is “0”, and 
the bit 2 is “1”. 
Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “O”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKi pin can be used as a 
normal !/O pin. 


—> fe (1/f, or 1/fexr) X (n+1) X16 


Transmission clock, 


TE; 


Thi ep 


oe Write in transmission buffer regisger 
CTS; 


The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(fj or fexr)/{ (mn +1) X16 } 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register +-Transmission 


buffer register 


TENbi | | | 


Start bit 


TxEPTY; 


Parity bit Stop bit 


ne) ST AB2XDXD2XDSKD|XOXOSXDIKP Ygp\STADKOIND2KDIKOMONKONOKPY sp 
ee ee 





Stopped because TE|= “0 


ST (DoXD;) 


Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


—~t+—he— (1/f, or 1/fexr) x(n +1) X16 


Transmission clock 


TE; 


Tj 


Write in transmission buffer register . 


TENDi 


Start bit 


Stop Bit Stop Bit 


TxD STADE AENOXOKOADOK DY SP SP\STADOKOXCENDSADSAONOENO NOH) SP SP 


Transmission register+-Transmission 


buffer register 


Stopped because ; 


TEs 
ST (D.XD,) D> 


‘O” 


TXEPTY; | | | | | 


Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger 0 bit 2 is used 
to determine whether to use CTSj input or RTS; output. 
CT§j input is used if bit 2 is “0” and RTSj output is used if 
bit 2 is “1”. 

If CTS) input is selected, the user can control whether to 
stop or start transmission by external CTS; input. 

Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive control register 0. Set bit 
4 to “0” when CTS and RTS signals are used, and to “1” 
when they are not used. 

When CTS and RTS signals are not used, the CTS/RTS pin 
can be used as normal port. The following describes the 
case when the CTS and RTS signals are used. lf CTS and 
RTS signals are not used, the CTSi input condition is un- 
necessary and there is no RTS; output. 





Transmission 

Transmission is started when the bit 0 (TEi flag) of UART| 
transmit/receive control register 1 is “1”, the bit 1 (Tl; flag) 
is “O”, and CTSj input is “L” if CTS; input is selected. As 
shown in Figure 45 and 46, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj transmit/receive mode register. The data is output 
from the least significant bit. 

The Tlj flag indicates whether the transmission butter is 
empty or not. It is cleared to “0” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 


fi OF fext 
REj 


RxDj 


Receive 

Clock ® ® 

Starting at the falling 
edge of start bit 

Rij 


RTS) 


When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, Tlj flag, and 
CTSj signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TE; flag, Tlj 
flag, and CTS; is checked while the Teypj signal shown in 
Figure 45 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpi signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “OQ” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UART] transmissoin interrupt control regis- 
ter is set to “1”. 





Receive 

Receive is enabled when the bit 2 (REj flag) of UART| 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 





Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTS; output is selected by setting the bit 2 of UARTj 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “0”. When the REj flag changes to 
“1” the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj] transmit/receive control register 1 is set. In other 
words, the RIj flag indicates that the receive buffer register 


contains data when it is set. If RTS} output is selected, RTS; 


output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UART| receive interrupt 
control register is set when the Rlj flag changes from “OQ” to 
ee 

The bit 4 (OERj flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER; flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 

Bit 5 (FERj flag) is set when the number of stop bits is less 
than required (framing error). _ 

Bit 6 (PERj flag) is set when a parity error occurs. 


Bit 7 (SUM; flag) is set when either the OER; flag, FER) 


flag, or the PER; flag is set. Therefore, the SUM} flag can 
be used to determine whether there is an error. 

The setting of the Rlj flag, OERj flag, FER] flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OERj, FER;, PERj, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the REj flag is cleared. 


Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial !/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rij, OER}, FER), PERj, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UARTj receive interrupt control register is also unchanged. 





Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 

The A-D converter is a 10-bit successive approximation 
converter. 

Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the configuration of the A-D control regis- 
ter 0 (address 1E;,) and A-D control register 1 (address 
1Fi¢). 

The frequency of the A-D converter operating clock ¢ap is 
selected by bit 7 of the A-D control register 0. When bit 7 
is “O”, dap is the clock frequency divided by 8. That is, dap 
=f(X,y)/8. When bit 7 is “1”, dap is the clock frequency di- 
vided by 4 and ¢ap=f(Xin)/4. 

The ¢ap during A-D conversion must be 250kHz minimum 
because the comparator consists of a capacity coupling 
amplifier. 

Bit 3 of A-D control register 1 is used to select whether to 
use the conversion result as 10 bits or as 8 bits. The con- 
version result is used as 10 bits when bit 3 is “1” and as 8 
bits when bit 3 is “O”. 


When the conversion result is used as 10 bits, the low- 
order 8 bits of the conversion result is stored in the even 
address of the corresponding A-D register and the high- 
order two bits are stored in bits 0 and 1 of the odd address 
of the corresponding A-D register. Bits 2 to 7 of the A-D 
register odd address return “000000,” when read. 

When the conversion result is used as 8 bits, the high-order 
8 bits of the 10-bit A-D conversion are stored in even 
address of the corresponding A-D register. In this case, the 
A-D register odd address returns “00,,_” when read. 

The operating mode is selected by the bits 3 and 4 of A-D 
control register 0 and bits 1 and 2 of A-D control register 1. 
The available operating modes are one-shot, repeat, single 
sweep, repeat sweep 0, and repeat sweep 1. 

The bit of data direction register bit corresponding to the 
A-D converter pin must be “0” (input mode) because the 
analog input port is shared with port P7. 

The operation of each mode is described below. 


A-D conversion speed selection 


me 
Sefer, Wet Mile weed oh 


Successive approximation register 


A-D register 0 (2146) A-D register 0 (2016) lite a 
A-D register 1 (23,6) |A-D register 1 (224.6) i 

A-D register 2 (25,6)| A-D register 2 (24,,) 
6) 


( 
iy wu! 


‘Bata bus (odd) ) J Data bus (even). 


Fig. 48 A-D converter block diagram 
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(1) One-shot mode 


One-shot mode is selected when bits 3 and 4 of A-D con- 


trol register 0 are “O” and bit 2 of A-D control register 1 is 
“0”. The A-D conversion pins are selected with bits 0 to 2 
of A-D control register 0. A-D conversion can be started by 
a software trigger or by an external trigger. 

A software trigger is selected when bit 5 of A-D control 
register 0 is “O” and an external trigger is selected when it 


is “1”. When a software trigger is selected, A-D conversion . 


is started when bit 6 (A-D conversion start flag) is set. 
When bit 3 of A-D control register 1 is “1”, A-D conversion 
ends after 59 ¢,p cycles and an interrupt request bit of the 
A-D conversion interrupt control register is set. At the same 
time, A-D control register 0 bit 6 (A-D conversion start flag) 
is cleared and A-D conversion stops. The result of A-D 
conversion is stored in the A-D register corresponding to 
the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADyre in- 


7 65 4 3.2.1.0 Address 
A-D control register0 1Ei. 


Analog input selection bit 
000 : Select ANo 
001 : Select AN, 
010 : Select AN2 

1 1 ° Select AN, 

0 0 : Select AN, 

01 : Select AN; 

] : Select ANg 
] : Select AN, 

A-D operation mode selection bit 0 

0 0 : One-shot mode 
0 1 : Repeat mode 
1 0 : Single sweep mode 
1 1 : Repeat sweep mode 0 
Repeat sweep mode 1 
Trigger selection bit 
0 : Software trigger 


0 
1 
1 
1 
1 


1 : ADrrag input trigger 
———— A-D conversion start flag 
0 : Stop A-D conversion 


1 : Start A-D conversion 
L______.__._s Frequency selection flag 


0 : Select f(Xin)/ 8 
1 : Select f(Xin)/ 4 


Fig. 49 A-D control register bit configuration 





put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANo to ANg because the 
ADrre pin is shared with the analog voltage input pin ANz. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode 

Repeat mode is selected when bit 3 of A-D control register 
0 is “1”, bit 4 is “O” and bit 2 of A-D control register 1 is “0”. 
The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. 

No interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. . 

The contents of the A-D register can be read at any time. 


Address 
A-D control register 1 1F4.6 


A-D sweep pin selection bit 
When single sweep or repeat sweep 
mode 0 is selected 
0 0 : ANo, AN, 
01 : ANo~AN3 
10 °ANo~ANs (6 pins 
11° ANo~AN;7 = (8 pins) 
When repeat sweep mode 1 is selected 
00 : ANo (1 pin) 
0 1 : ANo, AN, (2 pins) 
10 :ANo~AN, (3 pins) 
11° ANo~AN3 = (4 pins) 
A-D operation mode selection bit 1 
0 : Other than repeat sweep mode 1 
1 | Repeat sweep mode 1 
8/10-bit mode selection bit 
0 : 8-bit mode 
1 : 10-bit mode 
0 : Always “0” 
Not used for A-D converter 


(2 pins) 
(4 pins) 
) 
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(3) Single sweep mode 

Single sweep mode is selected when bit 3 of A-D control 
register 0 is “O”, bit 4 is “1” and bit 2 of A-D control register 
1 is “O”. 

In the single sweep mode, the number of analog input pins 
to be swept can be selected. Analog input pins are 
selected by bits 1 and O of the A-D control register 1 
(address 1F,¢). Two pins, four pins, six pins, or eight pins 
can be selected as analog input pins, depending on the 
contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is. performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. 

When a software trigger is selected, A-D conversion is 
started when A-D control register 0 bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit of the A-D conversion interrupt 
control register is set. At the same time, A-D conversion 
start flag is cleared and A-D conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADypg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result which is stored in the A-D register 7 becomes 
invalid because the ADrre pin is shared with AN; pin. 

The operation by external trigger is the same as that done 
by software trigger except that the A-D conversion start 
flag is not cleared after A-D conversion and a retrigger can 
be available during A-D conversion. 

(4) Repeat sweep mode 0 

Repeat sweep mode 0 is selected when bit 3 of A-D con- 
trol register O is “1”, bit 4 is “1” and bit 2 of A-D control 
register 1 is “0”. 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANo pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 

(5) Repeat sweep mode 1 

Repeat sweep mode 1 is selected when bit 3 of A-D con- 
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control 
register 1 is “1”. 

The difference with the repeat sweep mode 0 is that A-D 
conversion of one unselected pin is performed and A-D 
conversion is repeated once again from AN, pin after A-D 





conversion of selected pins is performed in sequence from 
ANo pin. The number of analog input pins to be swept is 
also different. 

The analog input pins for repeat sweep are selected with 
bits 1 and 0 of A-D control register 1. The contents of these 
pins are used to select one pin, two pins, three pins, or four 
pins. 

The unselected pins are converted in sequence after the 
conversion of pins selected as repeat sweep pins. No inter- 
rupt request is generated. Furthermore, if software trigger 
is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 
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D-A CONVERTER. 
The D-A converter is an 8-bit R-2R method D-A converter. 


Two independent D-A converters are built in. Figure 50 


shows the block diagram of the D-A converter and Figure 
51 shows the bit configuration of A-D control register 1. 

D-A conversion is performed by writing a value in the cor- 
responding D-A register. The conversion result is output by 
bits 6 and 7 of A-D control register 1 (address 1F,.). When 
bit 7 is “1”, the conversion result is output from DAg pin. 
When bit 6 is “1”, the conversion result is output from DA, 
pin. 

The output analog voltage V is determined from the value n 
(decimal) set in the D-A register. 


V = Veer x n/256 (n = 0 to 255) 
Vrer - Reference voltage 


The D-A output enable bit is cleared to “0” at reset. An ex- 
ternal buffer should be connected when connecting to a 
low impedance load because there is no built-in D-A output 
buffer. 


D-A register 0 


TITITTT |” 


R-2R ladder network 


D-Ao output 
enable bit 


Fig. 50 D-A converter block diagram 








Address 


Not used for D-A converter 
—__—_——_-——- D-A, output enable bit 
0 : Disable output 
1 : Enable output 
D-Ap output enable bit 
Q : Disable output 
1 : Enable output 


Fig. 51 A-D control register 1 bit configuration 


D-A register 1 


TIT)” 


R-2R ladder network 


D-A, output 
enable bit 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 52 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fs2) or by 512 (f512). Whether to count fs. or f512 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 53. fs12 is selected when the flag is “O” and 
f32 is selected when it is “1”. The flag is cleared after reset. 
FFFig is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or fs:2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFFi. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
-watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register 0 described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 








Watchdog timer 
frequency selection (connection forced to fg2 during 
fa2 —O STP instruction execution) 


@ 
f512 —O 


4d) Watchdog timer 


Hold (6016) 


Write to watchdog timer —— 


Set FFFi, 
qd> 


2Vec 
S detection 
circuit 





d 
STP instruction Ss = 
R 
C 





Fig. 52 Watchdog timer block diagram 


Address 
Watchdog timer 


frequency selection he 


0 : Select fs12 


1 : Select fs. 


Fig. 53 Watchdog timer frequency selection flag 
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RESET CIRCUIT 
Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V M37710M4BXXXFP 
+10%. Program execution starts at the address formed by | 
setting the address pins Ao3~ Aig to 0046, Ais ~ Ag to the 
contents of address FFFF,., and A7~ Ag to the contents of 
address FFFE,.. 
Figure 54 shows the status of the internal registers when a 
reset occurs. 
Figure 55 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. . . Fig. 55 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


















































Address Address 
(1) Port PO data direction register (0416)°°° 0016 ] (29) Processor mode register 0 (5Ey6) "°° a | 006 ee 
(2) Port P1 data direction register (0546)°"° 0016 - 7 | (30) Processor mode register 1 (5Fig):: XDD 0] 
(3) Port P2 data direction register (0816)°*: 0016 ; 31) Watchdog timer (6016)°°° | FFFi¢ 
(4) Port P3 data direction register (0916)°"° XXX a | 0 (32) Watchdog timer frequency selection flag (61ig) XDPDOEIK 0] 
(5) Port P4 data direction register (0Ci6)°° 0046 | (33) Waveform output mode register (624,¢)°:: 0016 














(6) Port P5 data direction register  (OD4¢)::° 0016 (34) Reserved area(Do not write to this address )(66,,)--: 0016 
(7) Port P6 data direction register (1046)°"° 0016 | (35) _A-D conversion interrupt control register (7046)°°° y x x x 0/0 0/0 
(8) Port P7 data direction register (Wig): 0016 | (36) UART 0 transmission interrupt control register (7146)°" : x x : 0/0/0 0 | 

x ¥ : x 0)0/0]0) 





(9) Port P8 data direction register = (1446)-* (37) UART 0 receive interrupt control register (7216)°" 


























(10) A-D control register 0 (1Ey6)° (38) _ UART 1 transmission interrupt control register (7316)°° 0/0/0;0! 
(11) A-D control register 1 (1Fig) (39) UART 1 receive interrupt control register (7446)°" 0;0/0]0 
= 

(12) UART 0 Transmit/Receive mode register (30i6)°"° 0016 | (40) Timer AO interrupt control register (7516)°"° x : X x 0:0'0'0 
ee L (eae eel 

(13) UART 1 Transmit/Receive mode register (3846)°°° 0016 | (41) Timer A1 interrupt control register (7616) XXX o| 0:0/'0 














(14) UART 0 Transmit/Receive control registerO (3446)-° XxX 0 1 | 0 | 0 0| (42) Timer A2 interrupt control register (7716)°°° XXX 0] 0 0/0, 
(1§) UART 1 Transmit/Receive control register(0 = (3Cy6) °°: XD 0] 1 ojolo| (43) Timer A3 interrupt contro! register (7846)°"° XXX 0 0'0)0' 

= 
(16) UART 0 Transmit/Receive control register?  (3546)--- |0!'0,0)0'0 0} 0| (44) Timer A4 interrupt control register (7916)°°° x x iN 0/0)0/0: 




















































































































































































































(17) UART 1 Transmit/Receive control register1 (3D 5)--- |0/0/0)0)0 1 0. (45) Timer BO interrupt control register (7Ai6)°"° XXX 0 0 ojo) 
(18) Count start flag (4016)°°: | 0016 i (46) Timer B1 interrupt control register (7Big) 0/0 0 | 0 

(19) One-shot start flag (42,6)°°° X)xX/ o[ 0] 0 010 (47) Timer B2 interrupt control register (7Cig)° 0/0/0:0 

(0) Up-down flag (4446) 0046 (48) INT 9 interrupt control register (7Dig) XX 0 0/0 010 lo | 
(21). Timer AO mode register (5616)°°° 0016 (49) INT, interrupt control register (JE): 0;0'0 0| 00) 
(22) Timer A1 mode register (5716)°"° 0046 | (50) INT » interrupt control register (7Fig) XIX 0. 0 ‘0 0/00 : 
(23) Timer A2 mode register (5816)°"° 0016 (51) Processor status register PS 0 jo | 0|° >| 0 | 0 | 1 eed 
(24) Timer A3 mode register (5916) °° E 0016 | (52) Program bank register PG 0016 ; 
(5) Timer A4 mode register (5Ai6)*" = 0016 ‘ (53) Program counter PC, | Content of FFFF,, : 
(26) Timer BO mode register (5Big)**: | 0 [0] 1/0 lo! 0, 0 | 0 (54) Program counter PC, Content of FFFE,., 

(27) Timer B1 mode register (5Cig)* |0}0) 1 0'0 0) 0| 65 Direct page register DPR | 000016 - 
(28) Timer B2 mode register (5D46) °° (0 0/1 x 0 lo 0) 0) (56 Data bank register DT 0046 : 








Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 


Fig. 54 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figures 56 and 57 show block diagrams of ports P8 to PO in 
single-chip mode and the E pin output. 

In memory expansion mode, microprocessor mode, and 
evaluation chip mode, ports P4 to PO are also used as 
address, data, and control signal pins. 

Refer to the section on processor modes for more details. 
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¢ Port POo~PO07, Pio~P17, P29~P27, P895~P33, P42~P4, (Inside dotted-line not included) 
Port P49, P4,, P47, P57, P6,;~P67, P82, P8, (Inside dotted-line included) 













ee 
- Port latch } 


Data bus 






¢ Port P7>~P7, (Inside dotted-line not included) 


* Port P77 (Inside dotted-line included) 


ee 
: Port latch } 








Data bus 






* Port P83, P8, (Inside dotted-line not included) 


Port P5p~P5.6, P6p (Inside dotted-line included) 


= Data direction register ; 


nmanend 
aa: 
<q 






Data bus 






Fig. 56 Block diagram for ports P8 to PO in single-chip mode and the E pin output (1) 
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* Port P89, P8, 


. $64 9F 
Data direction register 
een! sé g 


Data bus Sanaa! § 
a 
<q 


Analog output ——o—~6 
D-A output enable 


¢ Port P8,, P8. 


664 99 
i Data direction register ; Bay 


Output 


Data bus ‘ Port latch Ae 
| 
4 





Fig. 57 Block diagram for ports P8 to PO in single-chip mode and E pin output (2) 
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PROCESSOR MODE 

The bits 0 and 1 of processor mode register 0 as shown in 
Figure 58 are used to select any mode of single-chip 
mode, memory expansion mode, microprocessor mode, and 
evaluation chip mode. 

Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal I/O pins except in single-chip 
mode. 

Figure 59 shows the functions of ports P4 to PO in each 
mode. 

The external memory area changes when the mode 
changes. 

Figure 60 shows the memory map for each mode. 

Refer to Figure 1 for the memory map of the single-chip 
mode. The external memory area can be accessed except 
in single-chip mode. The accessing of the external memory 
is affected by the BYTE pin, the bit 2 (wait bit) of processor 
mode register 0, and bit 0 (wait selection bit) of processor 
mode register 1. These will be described next. 


Paitin 
i 


Processor mode bit 
0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 ° Evaluation chip mode 
Wait bit 

0 : Wait 

1 : No Wait 


Software reset bit 


Reset occurs when this bit is set to 1 


eBYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and port P2 becomes the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and ports P1 and P2 become the data I/O pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 

An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2°Vcc. In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 


Address 
Processor mode register 1 5Fi¢ 


Wait selection bit 
0 : Wait 0 
1 : Wait 1 


Interrup priority resolusion time selection bit 


00 : Select 1/f( Xin) X14 
01 : Select 1/f(Xin) X 8 
10 : Select 1/f(Xin) X 4 
Test mode bit 

This bit must be “0” 

Clock ¢, output selection bit 


0 : No ¢, output 


1: $4 output 


Fig. 58 Processor mode register bit configulation 
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BYTE= “L’ 


BYTE= “H” 











Single-chip Mode Microprocessor Evaluation Chip Mode 
Mode 


Same as left Same as left 
Same as lett Same as left 


oo 















1/O Port Address A7~A, 


P05 












Pl, 
I/O Port 
Pto 
























































































a Ais~A 
: P1, 15 8 
a Y Data( odd) 
or 2°*Voc Plo 
(evaluat Same as left ; Port P4, P5 and their direction 
. ue registers are treated as 16-bit wide 
a € bus. lf BYTE=2°*V¢¢, the internal 
y. ROM area is also treated as 16-bit 
wide bus. 
pe ee L 
Aog~A 
BYTE= “L” Pee Bat Same as left Same as left 
! (even) 
fy P2, P2o 
Re us 1/O Port 2 
a | BYTE= “H”| | “° E | | Ara~Are || 
P2 A23~ Arg P2, 
: 7 Same as left { Data) 

(Evaluation P2, 0 (vena 

chip mode 5 

au (even, odd) Same as for Port P1 





Same as left Same as left 


Same as left in 
spite of proce- 
ssor mode re- 
gister 0 bit 7 


| 
P4, 


* When processor mode 
register 0 bit 7 = “0” 


* When processor mode 
register 0 bit 7 = “QO” 







Same as above except P4, Same as above except P4, 


E | [ 
P33 
Port P3 M 1/O Port 
P39 
* When processor mode register 0| * When processor mode register 0 


E | z= 
Port P4 
bit 7 = “1” bit 7 = “1” 


P4, 
Fig. 59 Processor mode and ports P4 to PO functions 
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© Wait bit 

As shown in Figure 61, when the external memory area is 
accessed with the processor mode register 0 (address 
5E1¢) bit 2 (wait bit) cleared to “0”, the access time can be 
extended compared with no wait (the wait bit is “1”). 

The access time is extended in two ways and this is 
selected with bit 0 (wait selection bit) of processor mode 
register 1 (address 5F,.). 

When this bit is or lg the access time is 1.5 times compared 
to that for no wait. When this bit is “0”, the access time is 
twice compared to that for no wait. 

At reset the wait bit is “O” and bit 0 of processor mode reg- 
ister 1 is “O”. | 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Evaluation 
chip mode 


Microprocessor 
mode 


pes 
lL 


Memory 
expansion mode 


LLLLLLLL LLL} 
Ci¢hLLLALLLLLA 


The shaded area is the external memory area. 





Fig. 60 External memory area for each processor mode 


Internal clock? 
Address Data Address Data 


Port P2 


Wait bit “1” E 


~— LS US 
ames (fi eee [peer 


<->} 
Access term 


Address Data Address Data 


Wait bit “0” 
(wait 1) 


~~ “escel tee 
gi eee 


— 
Access term 


(hess Data X_ Aarons) 


Access term 


Wait bit “0” 
(wait 0) 





Fig. 61 Relationship between wait bit, wait selection bit, 


and access time | 
(1) Single-chip mode (00) 
Single-chip mode is entered by connecting the CNVsgs pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal I/O ports. Port P42, can be the ¢, output pin divided 
the clock to Xi pin by 2 by setting bit 7 of processor mode 
register 0 to “1” . 
(2) Memory expansion mode (01) 
Memory expansion mode is entered by setting the proces- 
sor mode bits to “01” after connecting the CNVsg pin to Vss 
and starting from reset. 
Port PO becomes an address output pin and loses its |1/O 
port function. 
Port P1 has two functions depending on the level of the 
BYTE pin. 
When the BYTE pin level is “L”, port P1 functions as an 
address output pin while E is “H” and as an odd address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. In this case 
the I/O port function is lost. 
When the BYTE pin level “H”, port P1 functions as an 
address output pin and loses its I/O port function. 
Port P2 has two functions depending on the level of the 
BYTE pin. 
When the BYTE pin level is “L”, port P2 functions as an 
address output pin while E is “H” and as an even address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, port P2 functions as an 
address output pin while E is “H” and as an even and odd 
address data !/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. In 
this case the I/O port function is lost. 
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Ports P39, P3,, P32, and P33 become R/W, BHE, ALE, and 
HLDA output pin respectively and lose their I/O port func- 
tions. 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Ag is “L” and BHE is 
a IB 

ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

Ports P4, and P4, become HOLD and RDY input pin re- 
spectively and lose their output pin function, but the input 
pin function remains. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ports PO, P1, P2, P35, 
and P3, are floating while the microcomputer stays in hold 
state. These ports are floating after one cycle of the inter- 
nal clock ¢ later than HLDA signal changes to “L” level. At 
the removing of hold state, these ports are removed from 
floating state after one cycle of ¢later than HLDA signal 
changes to “H” level. : 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢ stops at “L”. When ¢, output from port P4, is 
selected by setting bit 7 of processor mode register 0 to 
“1”, @, output keeps on. RDY is used when slow external 
memory is attached. 

(3) Microprocessor mode [10) 

Microprocessor mode is entered by connecting the CNVszs 
pin to Vcc and starting from reset. It can also be entered by 
programming the processor mode bits to “10” after con- 
necting the CNVss pin to Vssg and starting from reset. This 
mode is similar to memory expansion mode except that in- 
ternal ROM is disabled and an external memory is re- 
quired, and ¢, from port P4, is always output in spite of bit 
7 of processor mode register 0. 

(4) Evaluation chip mode (11) 

Evaluation chip mode is entered by applying voltage twice 
the Voc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

The functions of ports PO and P3 are the same as in mem- 
ory expansion mode. 

Port Pi functions as an address output pin while E is “H” 
and as data I/O pin of odd addresses while E is “L” re- 
gardiless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 


























Port P2 function as an address output pin while E is “H” 
and as data I/O pin of even addresses while E is “L” when 
the BYTE pin level is “L”. However, if an internal memory is 
read, external data is ignored while E is “L”. 

When the BYTE pin level is “H” or 2°Vcoc, port P2 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
i ee 

Port P4 and its data direction register which are located at 
address 0A;, and 0C;, are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

When a voltage twice the Vcc voltage is applied to the 
BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 

The functions of ports P4,g and P4, are the same as in 
memory expansion mode. 

Ports P4, to P4g become ¢;, MX, QCL, VDA, and VPA out- 
put pins respectively. Port P4; becomes the DBC input pin. 
¢, from port P4, divided the clock to Xj pin by 2 is always 
output in spite of bit 7 of processor mode register 0. 

The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVgg pin in- 
put levels and processor modes. 





Table 5. Relationship between the CNVsgg pin input 
levels and processor modes 


Description 
* Single-chip Single-chip mode upon start- 
* Memory expansion | ing after reset. Other modes 
* Microprocessor 


* Evaluation chip 


can be selected by changing 
the processor mode bit by 
software. 

¢ Microprocessor Microprocessor mode upon 
¢ Evaluation chip starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


* Evaluation chip mode only. 





¢ Evaluation chip 
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CLOCK GENERATING CIRCUIT 

Figure 62 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFi.¢ is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 63 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 64 shows an example of 
using an external clock signal. 


\ 


Interrupt request 


STP instruction 


Internal clock ¢ 


Fig. 62 Block diagram of a clock generator 








M37710M4BXXXFP 


Fig. 63 Circuit using a ceramic resonator 


M37710M4BXXXFP 


External clock source 





Watchdog 
timer 
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ADDRESSING MODES 

The M37710M4BXXXFP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37710M4BXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ROM ORDERING 
Please send the following data for mask orders. 

(1) M37710M4BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 
Supply voltage 












____Gonatons dCs 


O53 


: 7 
re ee ek 





Analog supply voltage 








Input voltage RESET, CNVss, BYTE 

Input voltage PO9~P07, P19~P17, P29>~P27, P89 ~P3s, 
P49~P47, P5g~P57, P6g~P67, P7p>~P77, 

P89~ P87, Vrer, Xin 

Output voltage POg~P07, Plo~P17, P29~P27, P39~P33, 


Vv 

Vv 

—0.3~12 V 

V 

P49~ P47, P5g~P57, Pép~P67, P7o~P77, V 


Pi —0.3~Veo+0. 3 
P89~ P87, Xout; E 


Operating temperature —20~85 
_—40~150 










Vv 
Vv 





| 
I 
Oo 


















RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—20~85C, unless otherwise noted) 


Symbol Parameter 


Typ. 
Supply voltage 
Analog supply voltage 
I Vss Supply voltage . 


fe High-level input voltage P0y~P0;, P3;~P33, P4g~P4r, 






Unit 








Cc 





a 
on 





P5o~ P57, P69~ P67, P79~P77, 
P89~ P87, Xin, RESET, CNVss, 
BYTE 










(o) 
foe) > 
< 
re) o 
Q 





) 
ro) 
< 

Q 

1) 


Voc 


High-level input voltage P19~P17, P29~P27 
(in single-chip mode) : 


High-level input voltage P19~P17, P29>~P27 


(in memory expansion mode and 
microprocessor mode) 


0.5Vcc Voc 


<| on 
0 |O 
< 
fe) 
@) 





Low-level input voltage POQ9~P07, P39~P33, P49~ P47, 
P5o~ P57, P69~ P67, P79~ P7;, 
P89~ P8,, Xin, RESET, CNVss, 
BYTE 


Low-level input voltage P1p~P17, P29~P2, 
(in single-chip mode) 
Low-level input voltage P1p~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 
lon(avg) 
lo.(peak) 


lot(avg) 


Note 1. Average output current is the average value of a 100ms interval. 

. 2. The sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 






0.2Voc 


< 






ss 
1H 
IH 
1H 
IL 
IL 
1 

lon 





0; 2Vcc 






Vv 
Vv 
Vv 
Vv 
Vv 
Vv 
Vv 


0. 16Vec V 





< 






High-level peak output current PQg~P07, Pip~P17, P29~P27, 
P39~ P33, P4o~ P4,, P5o~ P57, 
P69~P67, P79~P77, P89~P87 
High-level average output current POg~P07, P1gp~P17, P29~P27, 

P39~ P33, P4g~ P47, P5o~ P57, - 
P69~ P67, P79~P77, P89~ P87 
Low-level peak output current PQg~P07, P19p~P17, P29~P27, 
P3o~ P33, P4o~ P47, P5o~ P57, 
P69~ P67, P7o9~ P77, P8~ P87 
Low-level average output current POo~P07, Pl9o~P17, P2o~P27, 
P3o9™. P33, P4o~ P4,, P5o~ P57, 
P6)~P6y, P79~P77, P85~ P87 











> 







on 
> 












mA 















MHz 


b fs 
oO on 
a 
> 





External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 


Von 


Von 


Voi 


Vor 


Hysteresis RESET 


High-level output voltage PQ 9~P07, Pl9o~P17, P29~P2;, 
P39, P3;, P33, P4o~P4z, 
P59~P57, P6g~P67, P79~P77, 
P89~ P87 

High-level output voltage PO9~P07, Pi9p~P17, P2o~P27, 
P3po, P31, P33 





High-level output voltage P32 





High-level output voltage E 


Low-level output voltage PO o~P07, P19~P17, P29~P27, 
P30, P31, P33, P49~ P47, 
P5o~ P57, P6g~ P67, P79~P77, 
P89~ P87 

Low-level output voltage POg~P07, Pig~P17, P29~P2z, 
P39, P3;, P33 


Low-level output voltage P32 


Low-level output voltage E 


INTo~INT2, ADtrg, CTSo, CTS;, CLKo, CLK, 


lox= —10mA 


lon= —10mA 
lon= —400 uA 


lon=—400uA 


loL=1 OmA 
lop =2mA 





loc=1 OmA 
lop =2mA 


Hysteresis Xi 


High-level input current POg~PO07, P1g~P17, P29~P2;, 
P3o9~ P33, P4o~ P4,, PSo~ P57, 
P69~P6;7, P7o~P77, P8~P87, 
Xin, RESET, CNVgs, BYTE 

Low-level input current POg~P07, Plo~P17, P29>~P2z, 
P39~ P33, P49~P47, P5p~ P57, 
P69~ P67, P79>~P77, P89~P8;, 
Xin, RESET, CNVss, BYTE 


< 

I 
a 
< 


< 
I 

° 

< 


RAM hold voltage When clock is stopped. 


Power supply current 


f(Xin) =25MHz, 
In single-chip mode | square waveform 
output only pin is Ta=25C when clock 
open and other pins | is stopped. 
are Vss during reset. | T,=85'°C when clock 
is stopped. 





—_ 
<e) 





z 
> 


> 


| O1o Oi!" 
RO WwW s s s . 
(=) fo) o1 o1 Wo —_ >| oD 





oe 
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A-D CONVERTER CHARACTERISTICS (Vec=AVoc=5V, Vss=AVss=O0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 


| = __| Resolution [Vmr=Veo 
| = _| Absolute accuracy NeertVer ee 
Ladder resistance 


























ia | Vcc SAAR Ai Si 
[=F avsoute accuracy ——OSCsC=~“‘“‘“~*~*~*S a ee 
a coer 
Ro | Ouputresitmce ——=SSC*C*=“*‘“*S*~*~‘“‘“dRSSC“‘(‘(CNNNNCONCSCSC“‘#N™SSSYN SD 4 
mn 


Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “00,,”. 
Current that flows to the ladder resistance of A-D converter is excluded. 


Limits 
Symbol Parameter Test conditions  kimits 











(Note) 
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TIMING REQUIREMENTS (Vec=5V+£10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
External clock input 


ease aera saeeroree aes 
two) | Eternal clock input high-level pulse width ——=SCSC~“~*~“~*‘“~“~“<S*=<~S~tCT BY 
t Ee 
Sea 





















External clock input low-level pulse width 
Pte | External clock rise time 
te External clock fall time 


Single-chip mode 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 


Limits 





Port P7 input setup time 

Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 


Port P7 input hold time 
Port P8 input hold time 


















Memory expansion mode and microprocessor mode 


Symbol Parameter Unit 


ee ee carries eek cer 
thierio) | Por Pi mputholdtime —=~=~*~“‘=S~S*“‘“‘COSC*“‘C“‘CN”SC“‘CNSNSC“‘=CC™S 
Ctnvenesn) | Pot P2inputholdime SSS 
Eo 

| a 









RDY input hold time 
thie —HOLD) HOLD input hold time 
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Timer A input (Count input in event counter mode) 


TAin input cycle time 
TAiwy input high-level pulse width | 









TAiiy input low-level pulse width 


Timer A input (Gating input in timer mode) 


TAiin input cycle time 
TAiwy input high-level pulse width 
TAijn input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


| 
Symbol Parameter 


TAiwy input high-level pulse width | 80 | 
TAijy input low-level pulse width | 80 | 





Timer A input (External trigger input in pulse width modulation mode) 


TAiy input high-level pulse width 
TAi input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


ia rrr 


TAiout input cycle time 2000 po 
tw(uPH) TAiour input high-level pulse width 1000 | 
tw(uPL) TAiout input low-level pulse width 1000 | | 
















TAiout input setup time | 400 | 
tht y-uUP) TAiout input hold time 
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Timer B input (Count input in event counter mode) 


Symbol Parameter 


TBiy input cycle time (one edge count) 
TBijy input high-level pulse width (one edge count) 








TBijy input low-level pulse width (one edge count) 
TBijy input cycle time (both edges count) 

TBi,y input high-leve! pulse width (both edges count) 
TBiy input low-level pulse width (both edges count) 














Timer B input (Pulse period measurement mode) 


Symbol Parameter 


TBiy input cycle time 
TBiyy input high-level pulse width 
TBi,y input low-level pulse width 














Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBiy input cycle time 
TBiyy input high-level pulse width 
TBiwy input low-level pulse width 








A-D trigger input 


aa rrr 


ADrtrg input cycle time (minimum allowable trigger) 1000 | ns 
ADrrg input low-level pulse width 125 fons 





















Serial I/O 


Symbol Parameter 


Cae RSE! AE 
100 
TxDj output delay time 
TxDj hold time 
RxDj input setup time 
RxDj input hold time 
























W © 
jo) oO 





External interrupt INTj input 


Limits 
Symbol Parameter : 
Min. Max. 





INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vsg=0V, Ta=25C, f(Xiny)=25MHz, silads otherwise noted) 
Single-chip mode 










Symbol Parameter Test conditions 


| 
Unit 
















td(e—Poa) Port PO data output delay time 


td(e—Pp1aq) Port P1 data output delay time 
td(eE—p2aqQ) Port P2 data output delay time 
td(eE—ps3aq) Port P3 data output delay time 


td(e—Pp4qQ) Port P4 data output delay time 
td(e—psa) 


td(e—ps6a) Port P6 data output delay time 
td(e—Pp7a) Port P7 data output delay time 
Port P8 data output delay time 















Port P5 data output delay time 


















| Min. | Max | 

=e wee 
oa 
| 80 | ns 
| | 80 | ns | 
80 | ns | 
ee 

80 

80 

80 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Parameter Test conditions 


td(poa—e) Port PO address output delay time | | ons | 
Port P1 data output delay time (BYTE=“L”) 
tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 
td(p1aA—e) Port P1 address output delay time 2 | | ons | 
=a 
r: 


-E) 
HLDA output delay time 
ALE output delay time 

) 








—_ 
PO 























oe 
° 


NOT RN 
O1M!| > 
i s 
Oo 
n “ 








ALE pulse width 
thc e—Poa) 





Port PO address hold time 


Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE="L”) 

Port P1 floating release delay time (BYTE=“L”) 
th(e—p1a) Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

Port P2 data hold time 

BHE hold time 








> 
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Memory expansion mode and muerepreeesso! mode 


(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


Limits 
Symbol Parameter Test conditions Unit 








td(poa—e) Port PO address output delay time 12 s 
tdie—piq) _| Port P1 data output delay time (BYTE=“L”) 

tpxz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 

td(p1a—e) Port P1 address output delay time 12 


td(P1A—ALE) 





Port P1 address output delay time 





td(e—p2aq) Port P2 data output delay time 45 ns 
tpxz(e—pez) | Port P2 floating start delay time ns 
td(p2a—e) Port P2 address output delay time n 


td(p2a—ALe) 


td(¢4,—HLDA) 


HLDA output delay time 














Port P2 address output delay time 



































5 

a oe 

| 50 | ons | 
td(aLe—e) ALE output delay time 4 | fons | 
twikee) ALE pulse width 22 | | ns | 
td(BHE—e) BHE output delay time Fig. 65 20 | fons | 
td(r/w—e) R/W output delay time 20 | fons 
tdie—¢,) ¢1 Output delay time 0 | 18 | ons | 
thi eE—poa) Port PO address hold time 25 | | ons | 
thcaLte—pia) | Port P1 address hold time (BYTE=“L”) 9 | | ons | 
thie_piq) | Port P1 data hold time (BYTE=“L”) 2 | | ns | 
tpzx(e_piz) | Port P1 floating release delay time (BYTE="L”) 2 | | ns | 
thic_pia) _| Port P1 address hold time (BYTE="H”) 2 | |i ons | 
th(ate—pe2a) | Port P2 address hold time 9 | | ons | 
thic_p2q) _| Port P2 data hold time 2 | | ns | 
tpzx(e—p2z) | Port P2 floating release delay time 25 a ea 
thie_sue) | BHE hold time oo a oe 
thie naw R/W hold time 18 


tW(eL) 








E pulse width 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


: 
Symbol Parameter Test conditions Unit 


td(Poa—e) 





Port PO address output delay time 


td(e—Pp1a) Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 


td(e—p2a) Port P2 data output delay time 
Port P2 floating start delay time 


> > 
On} O1 or; or 


Port P2 address output delay time 
Port P2 address output delay time 





e,) 
oO 


HLDA output delay time 


E 
Port P1 address output delay time 
td(p1a—ace) | Port P1 address output delay time 

E 


ALE output delay time 
ALE pulse width 


O|}— SI} OO SI} wo 
NO | O1 © | PR O}h ine) 


BHE output delay time 





( = 

; 
) 

Port P1 floating release delay time (BYTE=“L”) 

Port P1 address hold time (BYTE=“H”) 


R/W hold time 
E pulse width 


ek 
o) 
© 


NINE NM NTN IM ERIN 
O17} O11} © | 01! OF] 01! ©] O1) © 





es 
Ww 
Oo 





Fig. 65 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr th te 
Single-chip mode 
(Xin) 
E 
ney tdie—Pog) 
Port PO output RE 
tsu(poo—e£) pears 
Port PO input La th(e—pop) 
ng tdie—Piq) 
Port P1 output Xx 
tsu(p10—e) 
—— 
Port P1 input x thie—prp) 
naa tdie—p2q) 
Port P2 output x 
tsu(p20—€) 
—— 
Port P2 input La thie—P20) 
| tdie—p3q) 
Port P3 output OM 
tsu(p3p—e) 
pains 
Port P3 input eo thie—pao) 
— | tdie—paq) 
Port P4 output ! 
tsu(pan—e) peel 
Port P4 input a thie—pap) 
bast td(e—psa) 
Port PS output ©X 
tsu(psp—e) _— 
Port P5 input |) th(e—psp) 
I td(e—p6q) 
Port P6 output Xx 
tsu(peo—e) = 
Port P6 input ne th(e—pep) 
ney td(e—p7a) 
Port P7 output x 
tsu(P7D—e) peta 
Port P7 input a th(e—p7p) 
wali td(e—psa) 
Port P8 output xX 
tsu(psp—e) peas 
Port P8 input Es thie—psp) 
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tocta) 


TAin input 






toi up) 





tw(uPH) 





TAiour input 


TAioyr input 
(Up-down input) ( 


In Event counter mode 


TAiin input 


. bes 
(When count by rising) 


TBiw input 


ADrac input 





teick) 


CLKj 


tsui(o—c) thic-p) 
Eas mE 


RxDj 


tWaNL) 


INT; input 
tWank) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


mi 
~ 


RDY input 


(When wait bit = “0”) 


dy 


pow ee ee 


/ 


m| 


RDY input 


(When wait bit = “1” or “0” in common) 


gy 


th(¢,;—HOLD) 


tsu(HoLD—¢,) 


HOLD input 







td(¢,—HLDA) td(¢;—HLDA) 


HLDA output 


Test conditions 

* Voc = 5V410% 

* Input timing voltage * Vy = 1. 0V, Vi4 = 4. 0V 

* Output timing voltage * Vo, = 0. 8V, Von = 2. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1”") 


(Xin) 


$y 
tdie-¢,) 
E 


Port PO output aa Address 1 


(Ao~A7) 
thiace- atk 


Port Pt output 
(Ag~A15/Dg~Dy5) 


ah 





(BYTE="L") . td(p1a—ALe) : 2 
tdi pia—e) 
th(e—p1a) rid 
kaa er 


(Ag~Ais) 
(BYTE="H") 
Port P1 input 


D 





d(e—¢}) 


“f= —h> 


toxz(e—p1z) tozx(e—P1z) 


Address B -—---—— _ Address 







cA 


a 


th(e—Pip) 


i 


th aLe—pz2a) sa ‘tpxz(E—p2z) tozx(e—p2z) 


Address Bont —_——_— ee — _— Address 


Port P2 output {Address 
(Aig~Az3/Do~ D7) tsu(p20—-) | 
— tdip2a— ALE) al P2Q) -—— thie-P2o) 

Port P2 input 

sr 

td(aLe—e) 

Port P32 output 
(ALE) 


snes E) 


eas BHE) 


(BHE) 


td(r/w—-e) 


Port P39 output 
(R/W) 


Test conditions 

* Voc=5V+10% 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 
* Ports P1, P2 input > ViL=0. 8V, Vin=2. 5V 


- 
za 


(E~—R/w) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


tc 


(Xin) va 


$y 

tdie—-¢,) d i 
= tdie-4,) 
. Vi 


Patra ot SSS 
(Ao~Ay) ci 


ad 


thiace—P1a) tozx(e—P12) 
he eet oe 
(Ag~Ays/Da~D45) | vata |S {Address Address 





tdie—piaq) 






tg (P1A—ALE) 


(BYTE="L”) — 


th(e—p 1a) tdip1a—e) 
Port P1 output ie] eae 


rene nD, 
(BYTE="H") 


— thie—Pip) 
Port P1 input 


@ p 
Port P2 output — na - Ll 
al (Address Address 


-~ 


(A1e~A23/Do~D7) Address {| 


td(p2a—aLe) 
Port P2 input. 
bel 
a tdiace—e) 
Port P32 output 
(ALE) 









tsu(p20-e) 


panes thie—p2p) 


td(p2a—E) 


tdi aHe—e) 
oe aa? See 
(BHE) 
tdipvw—-e) 
thie- rw) 


Port P3o output 
(R/W) 


Test conditions 

* Vec=5V10% 

* Output timing voltage * Vo_=0. BV, Von=2. OV 
- Ports P1, P2 input =: Vi_=0. 8V, Vip=2. 5V 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


-> 


Cc 


(Xin) Va 


dy 
JI 
td(e—4,) td(e—¢,) 


td(poa—e) cg 


eee ED Gc 
en = a =e 
Dye 


m| 


tozx (e—P1z) 


Port P1 output Address 


(Ag~Ais/Dg~Di5) { Address 


(BYTE=“L”) rcemncnaonmaaen 
td(P1A—ALe) 





Port P1 output = 
joa aac: 


(BYTE=“H”") 
in thie—P1D) 
Port P1 input 


ie ag a a P 
Xracess| | © > 







Address. | eee ee 
(Aie~Az3/Do~Dz) Q " ddress Address 


ni th(e—p2p) 






td(e—p2a) oe 


td(p2a—Ace) 
Port P2 input 


t 

a td(aLe—e) 
Port P32 output _— 
(ALE) 


td(BHE—E) 
aes 
oe | 7 ae ae 
(BHE) La 


td(r/w-E) 






Port F P39 output 
(R/W) 


Test conditions 

* Voc=5V410% 

* Output timing voltage > Vo_=0. 8V, Von=2. OV 
* Ports P1, P2 input > ViL=0. 8V, Viy=2. 5V 





_ 9 MITSUBISHI | 
ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


M37710M8BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37710M8BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re- 
quire high-speed processing of large data. 


FEATURES 
@ Number of basic instructions Coen mere renee erecsereresvcocsvans 103 
@® Memory size = @) \\ ee 60K bytes 
RAM cecccrcecccccceeee tte eeeeeeeeees 2048 bytes 
® Instruction execution time 
The fastest instruction at 25MHz frequency ---::-::: 160ns 
e@ Single power supply a calejateiie aba sare oie, Side. wide ae abe aneideayecmdiaine Shore 5V+10% 
@ Low power dissipation (at 25MHz frequency) 
ei aieew ee dant dreeecuatuteaes 95mW (Typ.) 
@ Interrupts Se eee eee ee eee ee ere 19 types 7 levels 
@® Multiple function 16-bit timer -::-- te Sate 
(Pulse motor drive waveform can be output.) 
@ UART (may also be synchronous) Kaitiereeciredeiwoapadanase § y) 
@ 10-bit A-D converter-:::::7 7 re 8-channel inputs 
@ 8-bit D-A converter -:-:-- Bees bigeinie Sesinea oie 2-channel outputs 
@ 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)---:---- 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as com- 
munication and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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PIN CONFIGURATION (TOP VIEW) 


[S]<+P7,/AN, 


P7o/ANy +> Cy 


Pég/TBlin +> 
P6s/TBOy +> [4] 


P6y/TMour/RTP13 ++ [9] 


P5g/TASqy7/RTPt. ++ [11] 
Phe/TA2iy/RTP1, +> 
P5q/TAZQyr/RTP1g +> 
P59/TAlin/RTPO3 +> [14] 
P5o/TA out/RTP0. +> 
P5,/TAQiy/RTPO, ++ [16] 
P5g/TAQgur/RTPUy +> 
P4,/DBC* «+ [13 
P4,/VPA* «+ [19] 
P4s/VDA* ++ 
P4s/QCL* ++ 
P4a/MX* «> 

Paold, +> 

P4,/RDY +> 


d4jXxXxad8WolZZew 


+> P2o/Aig/Do 
[a1] +> P25/A49/D3 


Ww 
Ww 
w 
te 
Ww 
mo 


P31/BHE + [& 


Si 
w 
io) 
w 
O 


P33/HLDA + 
P32/ALE + 
P39/R/W + [& 

P27/Ao3/D7 +> 

P26/A22/Dg +> 

P25/Ao1/Ds +> 

P24/A20/Da ++ [8] 


Outline 80P6N-A 





*: Used in the evaluation chip mode only 
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Data Buffer DB, (8) 
Data Buffer DB,(8) 
Arithmetic Logic 
Unit(16) 


fl 


Input Buffer Register 1B(16) 


Direct Page Register DPR(16) 
Stack Pointer S(16) 
Index Register Y(16) 
Index Register X(16) ' 
Accumulator B(16) 


Instruction Queue Buffer Qo(8) 
Data Bank Register DT(8) 


Data Address Register DA(24) 
incrementer/Decrementer (24 
Program Bank Register PG(8) 






Incrementer (24) 
Program Address Register PA(24) 


Program Counter PC 


a ee 
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FUNCTIONS OF M37710M8BXXXFP 


Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 


















ROMY tes 


Memory size 





PO~P2, P4~P8 8 -bitx 8 


Input/Output ports 


Multi-function timers 
TBO, TB1, TB2 















16-bitx 3 
Serial 1/0 (UART or clock synchronous serial I/O) X2 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Maximum 16M bytes 


TAO, TA1, TA2, TA3, TA4 16-bitX 5 











Input/Output characteristic 


















Memory expansion 








¢ MITSUBISHI i 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37710M8BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION 


Power supply - Supply 5 V+10% to Vcc and 0 V to Vgs. 
Vss 


CNVss CNVgsg input 


Reset input 



















This pin controls the processor mode. Connect to Vsg for single-chip mode, and to Vcc for external ROM 
types. 





Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





XIN Clock inpu Input 
Clock output 
Enable output 








These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xn pin 
and the Xour pin should be left open. 





Data or instruction read and data write are performed when output from this pin is “L”. 


BYTE 


Bus width selection input 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





Power supply for the A-D converter. AVsg is also used for D-A converter. Connect AVoc to Voc and AVsgs to 
Vss externally. 





VREF Reference voltage input 


POo~ P07 1/O port PO 


Pto~Pty | 1/0 port PI y 


1/0 

1/0 
P29~P27 1/0 port P2 1/0 
P39~ P33 I/O port P3 - 1/0 

1/0 

1/0 


This is reference voltage input pin for the A-D converter and the D-A converter. 



















Analog supply input - 
In single-chip mode, port PO becomes an 8-bit !/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 
In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 


> > x< 5] < 
| Zz 3 i : 
2 Oo bar} 2 ¢ 

+ 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Do) is input or output when E output is “L” and an address(Az3~Ai6)is 
output when E output is “H”. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, R/W, BHE, ALE, and HLDA signals are output. 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same _as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 





P49~ P47 1/0 port P4 


P5y~P57 —«*| I/O port P5 | 
Pé~P6, | 1/0 port PG 

1/0 port P7 ‘hoa 
/O port P8 










In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2 and timer A3. P59>~P5¢ also function as output pins for pulse motor 
drive waveform. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT; and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. P6p also functions as an output pin for pulse motor drive waveform. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN;7 input pins. P77 also has an A-D conversion trigger input function. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 
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BASIC FUNCTION BLOCKS 

The M37710M8BXXXFP has the same functions as the 
M37710M4BXXXFP except for the following: 

(1) The ROM size is 60K bytes. 

(2) The RAM size is 2048 bytes. 

Therefore, refer to the section on the M37710M4BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


ADDRESSING MODES 

The M37710M8BXXXFP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


0000001. 


000000. 
00007 Fi. 
0000801. 


OOFFFFie 
010000\¢ 


00087F 1, 


Bank 1146 


O1FFFFi¢ 


FEO000i6 


Bank FE, 


FEFFFFi¢ 
FF000016 


Bank FFi. 


FFFFFF 16 


Fig. 1 Memory map 


001000,, 


MACHINE INSTRUCTION LIST 
The M37710M8BXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 
Please send the following data for mask order. 

(1) M87710M8BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 


Peripheral devices 
Internal RAM 


2048 bytes 


control registers 


™N 
00007Fy. 


Interrupt vector table 


UARTO receive 
Timer B2 
Timer A4 
Timer A3 

INT, 

Watchdog timer 


BRK instruction 
Zero divide 


Internal ROM 
60K bytes 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Analog supply voltage 


Vcc 

Input voltage RESET, CNVss, BYTE 
Vi 
Vo 






















; Input voltage POp~P07, P19o~P17, P29~P27, P3p~P3z, 
P4p~P47, P5p~P57, P69~P67, P7o~P77, 
Power dissipation Tg=25C 300 - 


P8o~P87, Vrer, Xin 
Operating temperature —20~85 


Output voltage POg~P07, Plo~P17, P29~P27, P3p~P3s, 
P49~P47, P5g~P57, P6g~P67, P79~P77, 
Storage temperature 

































RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°, unless otherwise noted) 


[Ves | Suepwyvotage—OSSC~“~*~“‘~*“*“‘*~*~*~*~‘“‘~S~ 
[Ves | Supplyvotage SSCS 


High-level input voltage POQ9~P07, P389~P33, P49~P4z, 
P5o~ P57, P69~ P67, P7o9~ P77, 
P89~P87, Xin, RESET, CNVsgs, 
BYTE 


High-level input voltage P19~P17, P29>~P27 
(in single-chip mode) 
High-level input voltage Pip~P17, P29~P27 
V (in memory expansion mode and 
- microprocessor mode) 

























Low-level input voltage PQ9~P07, P39 ~P33, P49 ~P47, 
P59~P57, P69~P67, P79~P77, 


P8)~P8-, Xin, RESET, CNVss, 
BYTE 





Low-level input voltage Pip~P17, P29>~P27 
(in single-chip mode) 





Low-level input voltage P19~P17, P29>~P27 





(in memory expansion mode and 
microprocessor mode) 


High-level peak output current POg~P07, Plo~P17, P29~P27, 
P39~ P33, P4o~P4z, P59~ P57, 









Vcc 
Vss 
Vin 
Vin 
1H 
Vin 
Vin 
Vit 
lon(peak) 





P6o~P67, P79~P77, P89~ P87 
High-level average output current POo~P07, Plo~P17, P29>~P27, 
P39~P33, P4y~P47, P5p~P5z, 
P69~ P67, P7o~ P77, P8~ P87 
Low-level peak output current POg~P07, Plo~P17, P2o~P27, 
P3o9~P33, P4g~P47, P5p~P57, 
P69~ P67, P7o~ P77, P89~ P87 
Low-level average output current POg~P07, Plo~P17, P29~P27, 

P30~P33, P4o~P4z, P5o~P57, 
P69~P67, P79>~P77, P89~P87 









lon(avg) 


lou(peak) 


lov(avg) 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports:PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 























External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 


Parameter 


Test conditions 














a 


High-level output voltage PO 9~P07, Pl9~P17, P2o~P27, 
P3o, P3;, P33, P49~P4z, 
P59~ P57, P69~ P67, P79~P77, 
P89~ P87 





High-level output voltage POg~PO07, Plo~P17, P29~P27, 
P39, P31, P33 








lon= —400u A 











~~ 


High-level output voltage P32 














High-level output voltage E 





Low-level output voltage POg~P07, P19p~P17, P29~P27, 
P3p, P3;, P33, P49~P4,, 
P59~P57, P6p~P67, P79~P77, 
P89~P87 


lox= —10mA 
lon=—400uA 











loL=10mA 








Low-level output voltage PQ 9~P07, P19~P17, P2o~P27, 
P39, P3;, P33 








Low-level output voltage P32 


























Low-level output voltage E 




















Hysteresis HOLD, RDY, TAOQ\yw~TA4in, TBO ~ TB2in, 
INTo~INT>, ADrac, CTSg, CTS;, CLKo, CLK; 











Hysteresis RESET 

Hysteresis Xin 

High-level input current POQg~PO0;7, Plp~P17, P29~P27, 
P3p~P33, P4y~P47, P59~P5z, 
P69~ P67, P79~P77, P8o0~P87, 
Xin, RESET, CNVgg, BYTE 

Low-level input current POg~P07, P19~P17, P29~P27, 
P39~P33, P4g~P47, P5o9~P5z, 
P69~P67, P79~P77, P89~P8, 
Xin, RESET, CNVgs, BYTE 








RAM hold voltage 











Power supply current 


In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset. 





When clock is stopped. 











f( Xin) =25MHz, 
square waveform 











Ta=25C when clock 
is stopped. 





Ta=85° when clock 
is stopped. 
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A-D CONVERTER CHARACTERISTICS (Vec=AVcc=5V, Vss=AVss=0V, Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 


: 
Symbol Parameter Test conditions 


Resolution Vrer=Voc 


a 
fF Absolute accuracy Vacr=Voc ons oe 
Ladder resistance Vaer=Vec — ; 













Unit 





F 








ng 





i 





Conversion time LS 


Reference voltage 
Vin Analog input veltage 7 


D-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=0V, Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 




















Parameter Test conditions 











Resolution 








Absolute accuracy 














Set time 








Output resistance 





Reference power input current 








Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “00,,”. 
Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25, f(Xiy)=25MHz, unless otherwise noted) 
External clock input 


Symbol Parameter 


External clock input cycle time 














Limits 


Unit 



















External clock input high-level pulse width 
External clock input low-level pulse width 
External clock rise time 


—_— | a 
on, 





External clock fall time 


Single-chip mode 


Symbol 


Limits 
Parameter 





tsu(Pop— Port PO input setup time 


Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 


th(e—pspD) Port P8 input hold time 























Memory expansion mode and microprocessor mode 


30 
20 
teuinoy—a)| ROY input soup time ——SSCSCSCSCSCSCSCSCSCSCSC“‘S*S~“~s~‘“s~‘“‘“‘~s~*~*dC 
6 


Limits 










Unit 
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Parameter 


Timer A input (Count input in event.counter mode) 


Symbol 


te(ta) 
tw( TAH) TAiiy input high-level pulse width 


TAiy input low-level pulse width 








TAin input cycle time 





Timer A. input (Gating input in timer mode) 


Symbol Parameter 


TAiw input cycle time 


TAiyy input high-level pulse width 7 
TAiy input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


TAiin input cycle time | ons | 
TAin input high-level pulse width Tors 
TAiin input low-level pulse width | ons | 













Timer A input (External trigger input in pulse width modulation mode) 


TAiy input low-level pulse width 





TAiy input high-level pulse width | 80 | 


Timer A input (Up-down input in event counter mode) 


Symbol Parameter ; 


TAiour input cycle time 
TAigut input high-level pulse width 





TAiour input low-level pulse width 1000 
TAiour input setup time 
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Timer B input (Count input in event counter mode) 


Pee fm 
| 80 | 


TBiiy input cycle time (one edge count) Pee 
TBiiy input high-level pulse width (one edge count) | 40 | | 
TBijy input low-level pulse width (one edge count) | 40 | | 
















TBiy input cycle time (both edges count) | 160 | 
TBijy input high-level pulse width (both edges count) | 80 | 
TBijy input low-level pulse width (both edges count) | 80 | 


Timer B input (Pulse period measurement mode) 


Symbol Parameter 


TBijy input cycle time 320 f | 
TBiwy input high-level pulse width 160 | 
TBiy input low-level pulse width 16 ce 
















Timer B input (Pulse width measurement mode) 


TBijy input high-level pulse width 
TBijy input low-level pulse width 





A-D trigger input 


Symbol Parameter 
tecap) AD tpg input cycle time (minimum allowable trigger) 
tw(ADL) ADtrg input low-level pulse width 


Serial I/O 


Symbol Parameter 
tc(cK) CLK; input cycle time 


CLKj input high-level pulse width 
CLK; input low-level pulse width 
TxDj output delay time 

TxD; hold time 


RxDj input setup time 
thic—p) RxDj input hold time 
External interrupt INTj input 


Symbol Parameter 



































INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25°, f(Xi)=25MHz, unless otherwise noted) 
Single-chip mode | 


2 Limits 
Symbol Parameter Test conditions Unit 


Port PO data output delay time | 


















Port P1 data output delay time aa 
td(e—p2aq) Port P2 data output delay time : i al 
td(e—p3a) Port P3 data output delay time ae 


ce 

7 ns 
i Ts 

7 ie 

: Ps 

: one 

i hs 

a 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


> 
Ol 


’ Limits 





Unit 


— 
NO 












Port P2 data output delay time 
Port P2 floating start delay time 


> 


oO 


oO 









POTN — —_— 
Old OT; RO oll ho 


Port P1 data hold time (BYTE="L”) 
Port P1 address hold time (BYTE=“H”) 
R/W hold time 


NO 
fo) 





© 


1 


25 


MN} NM 
on} o 





ol 
io) 


NER N 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


Port PO address output delay time 
Port P1 data output delay time (BYTE="L” 
Port P1 floating start delay time (BYTE=“L’ 


Limits 






Unit 












Port P2 address output delay time 
HLDA output delay time 





="L") 

( ="L") 

) 

Port P1 address hold time (BYTE=“H”) 
Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 
BHE hold time 

R/W hold time 





meh 

WwW —|IN IRM POP NM] RMR N NO} PT hd — — — 

So oro, an oj) O1/ O1 o O}O}] O1} RO NO ine) 
= on > > 
ee) Oo ayo or; o 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions 


Port PO address output delay time 


on a . 
oO oy; oa; 
77) 





) 

Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 
Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 
Port P2 address output delay time 
HLDA output delay time 
ALE output delay time 
ALE pulse width 

BHE output delay time 
R/W output delay time 

¢, output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE=“L”) 

Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H”) 

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 

BHE hold time 

R/W hold time 





NMirlrolrylirylylraylory |= w/o wo 
oi} or] Oo} a1} a1] or] GO| or mM] ON OlN 





ie 





Fig. 2. Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf tc 
Single-chip mode 
(Xin) 
E 
nag td(e—pog) 
Port PO output B. 
tsu(Poo—e) — 
Port PO input i thie—pop) 
nag tdie-Piaq) 
Port P1 output |X 
tsu(p1p—e) 
pais 
Port P1 input - thie—pr0) 
ma tdie-p2q) 
Port P2 output |X 
tsu(p20—e) 
— 
Port P2 input ee thie—p20) 
— | tdie—p3a) 
Port P3 output | X 
tsu(p3p—e) 
poe 
Port P3 input Be thie-pap) 
a) tdie—psa) 
Port P4 output Xx 
tsu(pao—e) 
P40 — 
Port P4 input thie—pao) 
nig tdie—Psa) 
Port P5 output & 
tsu(pso—e) _— 
Port P5 input a thie—psp) 
ne td(e—p6a) 
Port P6 output Xx 
tsu(p60—e) — 
; 
Port P6 input re thie—pep) 
wag td(e—p7a) 
Port P7 output x 
tsu(p7D—e)  paameat 
| P 
Port P7 input he th(e—P7D) 
ang td(e—psa) 
Port P8 output ie 
tsu(pap—e) pace 
Port P8 input i th(e—psp) 
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to(ta) 


TAin input 





tw(ueH) 


TAigur input 


TAiour input 
(Up-down input) ( 


In Event counter mode 


TAiin input 
(When count by falling) 
oO mae 
TAsstapu - 
(When count by rising) 
tc(tB) 


TBiw input 





tean) 


tw(aov) 


ADrac input 


teicK) 


CLK; 


TSR RE 


RxDj 


tWan) 


INT; input 
tw(inH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


g; 


frome Se ee ee en 


/ 


mil 


RDY input 


tsucRoy—¢,)}} th ¢1—Roy) 


(When wait bit = “0”) 


dy 


mi 
~ 


RDY input 


tsucapy—¢,)|  th(¢1—rpy) 


(When wait bit = “1” or “0” in common) 


th(¢,—HOLD) 


tsu(HOLD—4,) 


HOLD input 







td(¢;—HLDA) td(¢,—HLDA) 


HLDA output 


Test conditions 

* Veo = 5V110% 

* Input timing voltage > Vy. = 1.0V, Viyq = 4.0V 

* Output timing voltage ° Vo, = 0. 8V, Voy = 2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


(Xin) 





0 


eae #) “tdie-94) 


ee 
( Ao™ Az ) 


( _ Address 
(Ag~Ai5/Dg~ D5) all 
(BYTE="L") td(p1a—ALe) 


PoP oa es 
(Ag~Ai5) 

(BYTE="H") 

Port P1 input 

ae 


Po 2 op (asters [on ewes Tp ----- Kaa 
(Aig~Aza/Do~ Dr) " E Adipeac era. tsu(peo-e) 






-— > thie—Pip) 


thi ace—p2a) 


— tdcp2a—ace) || tde—p2a) Ss thie-P20) 
Port P2 input 
twice) 
i tdiace—e) 
Port P3. output 
(ALE) 
tdiaHe—e) 
penanceceea! Bie Paula 


(BHE) : - 


tdi ryw—e) 


Port P39 output 
(R/W) 


Test conditions 

*Voo=5V10% 

* Output timing voltage * Vo. =0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


tc 
f( Xin) if 
$y 
tdie—#,) ! 
d(e-4,) 


Port PO output 


aS 
a. 


a 
i 


|i 
ile 


Address Address 


(Ag~ Az) oS. 

th(ace—P1a) tozx (E—P1z) 
tt Hee een YG 
( BYTE= “ L") 


eal 


| 


tdie—pia) 







td (P1A—ALE) 


thie—p 1a) td(p1a—e) 


lif 


Port P1 output 
Address 


(As~A\s) | Address a 
(BYTE=“H”") 

_— thie—p1p) 
Port P1 input 


th(ace—P2a) ld tozx(e—P2z) 
seen | cts ep ay a 
(Ayg~Az23/Do~ D7) Address { > {address 


td(p2a—Ace) 
Port P2 input. 
eas) 
is tdi ace—e) 
Port P3, output 
(ALE) 










tsu(p20—e) 


pas aay th(e—p2p) 


td(p2a—e) 





tdi BHE—-E) 
(BHE) 
tdi nsw-e) 
thie- Rw) 
Port P39 output 
(R/W) 
Test conditions 
. Voc=5V+10% 
- Output timing voltage > Vo. =0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip=0. BV, Vin=2. 5V 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


tc 
f(Xin) 
$; 
tdie—d) tdie—4,) 
E 


ae, 


Tnaarexe —[) 


Port PO output 
( Ap~Az) 


ie 





th(ace—Pta) Pf im toxz(e—P1z) tozx (eE—P1z) 
(Ae~ Aral Dg~ | K Data | 
4 A q cf ~Aqgresg $$ | Yaa mew wwe woe es = 
(Ag~Ai5/De~Dj5) [Address| |} mx Address e Address 


td(p1a—E) 


(BYTE=“L”") td(e—Pia) 
td(P1A—ALE) 
thie—P1a) 


Port P1 output 
( Ag~ Ais) P Address 


(BYTE=“H”") be 
Port P1 input _, 

| a 

el 





7 


Tracress 


hae =" thier 










th(aLe—p2a) mt Elec <-> tinzx (E—P2z) 
fosters (rsoss] | {oan [| Y_aseess Dt ----- sds 
16~ A23/Do~ D7 
td(e—p2a) tsu(p20—€) th(e—p2p) 
td(p2a—ALce) Bi 
Port P2 input 
a) td(aLce—e) 
Port P32 output -—— 
(ALE) 
td(BHE—E) th 
ee seo Pole 
ee) | ee 
(BHE) ie 
td(r/w-e) th 
(E—R/W) 


Port F P3> output 
(R/W) 


Test conditions 

* Voc=5V410% 

* Output timing voltage > Vo_=0. 8V, Voy=2. OV 
* Ports P1, P2 input > ViL=0. 8V, V,iy=2. 5V 
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DESCRIPTION 

The M37710M8LXXXHP is a single-chip 16-bit micro- 
computer designed with high-performance CMOS silicon 
gate technology. This is housed in a small 80-pin plastic 
molded QFP. 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para- 
llel processor that can also be switched to perform 8-bit 
paralle! processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 
controller that require high-speed processing of large data. 
Its strong points are the low supply voltage and the small 
package. 


FEATURES 
@ Number of basic instructions: :::-++:-71resrrrretrte ee 103 
& Memory size ROM sccm cece re ccceseceracessccsecsece 60K bytes 
RAM rer er area eae oar rarer ee ary 2048 bytes 
@ Instruction execution time 
The fastest instruction at 8MHz frequency -::::-:--:: 500ns 
@ Single low supply voltage je P en ab aade Karem kaka awnauene 2 7~5.5V 


@ Low power dissipation 
(At 3V supply voltage, 8MHz frequency) --- 12mW ( Typ.) 
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ. ) 


@ Wide operating temperature range-----+------ —40~85C 
© ||nterrupts 272 eo stents ees ete sete 19 types 7 levels 
@ Multiple function 16-bit timer -:- re 53 

(Pulse motor drive waveform can be output) 
@ UART (may also be synchronous) --::r77srs tre 2 
@ 10-bit A-D Converter:s::s:: srt re 8-channel inputs 
@ 8-bit D-A converter - ss: tre 2-channel outputs 
@® 12-bit watchdog timer 
@® Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 68 
@ Small package 

reser eeneeassenes 80-pin fine-pitch QFP (0.5mm lead pitch) 

APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, portable equipment, and measuring instru- 
ments 


PIN CONFIGURATION (TOP VIEW) 











e 
a a 

. = oF 

E 2 ¢ 

2 6k 
z ~N S oor 
nETereetts eee 
FSS SSS SS 4848 oSSESSS 
SERENA SR Sore opee ees 
trottttet ob ottttt 
Enel ola oslo 


































P66/TB1 ny o> 1] 160] ++ P8_/RxD, 
P6:/TBO, +* [2] (_) C) sa] <> P8,/T,D, 
P6,/INT, + [3] 58) ++ POo/Ag 









P63/INT, + L4] ++ PO,/A, 
P62/INTo + 5] 56] +> PO2/A2 





ss] +> POs/Ag 

54] > PO,/A,4 

53] +> POs/As 

> P0¢6/Ag 

++ P0,/A; 

50) <> P1o/Ag/Dp 
49} +> P1,/Ag/Dg 
fa] + P1/Aro/D10 
+ P15/A;,/D1, 
46} > P14/A42/D12 
45] > P15/Ay3/Di3 
44} > P16/Ay4/Di4 
143) +> P41 7/Ays/Dis 
142] +* P2o/Aye/Do 
fat] <> P2,/Ay7/D, 


P6,/TA4n + [6] 
P69/TA4qu1/RTP1 3 
P57/TA3in + 8 | 
P5¢6/TA39u1/RTP12 ++ [9] 
P55/TA2in/RTP1, + [10] 
P54/TA29u7/RTP 19 + [1 
P53/TA1 y/RTPO + [12] 
P50/TA1our/RTPO2 + [13] 
P5,/TAOy/RTPO, + [14] 
P5o/TAQout/RTPOo + (15) 
P4,/DBC* «+ [i6| 
P4,/VPA* +> 
P4;/VDA* ++ [13] 
P4,/QCL* + [13] 
P4,/MX* «+ [20] 





dHXXX18WOLZZEW 













































Es) 2) SE) |) 

Pett thos teterrereds 
~|QW Ae ZEW Ve WWIs £ Ow SON 
SHIGE Bh x 3M 6 SES OS dada 
ee R2if x “jPS@csyegee 
as Ole SP asSSSsss 
as daha UE ENINESES 
a. a. oooaaa 










Outline 80P6D-A 


* - Used in the evaluation chip mode only 





NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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Data Bus(Even) 





Data Bus(Odd) 


Od vod ld vod Zd wod €dyuod = — vd Hod Gd vod 9d vod Ld vod 8d vod 
indnoNndyy ~~ ~—s andynoyynduy Ndynosinduy yndynosynduy = jNdynoy~ndu; indjno/Nnduy indino/ndy| iNdynosindu| ndynosnduj 


ae pauiiii QOOODDDHON—DOHOHHOHHOHGHOH-OOOG-OQOHHHNOHDHD-Q™HNHAHDOOH-COOHOOO®” a QD GD CD EDD ONES 





i TUL ww il 
(8)49U9AU0D °Y-q (OL)49UBAUOD G-V¥ et 





(g)4aHeAU0D 'y-g 





Address Bus 














) 













—a~ Tin eo = = = = = co os = oS —~t | ~ 
00 | | 00 z=) 5 3 <iis STi is SII—l Isl leolicllslle 
SS ww a o ao] ~-_ a = = oO a ia wo _ _ 
af re =a . ro) O oa re — ~ ~— —_ ass 
i - o o Qa = ® a ww ww = oO 
oy;oa 2 = = SUES ~ 7 bs ® % SOfloli> <1 1c <x o 
= -—_ Q ~ Ps 
a) Q a a a . Da 3 E o 2 a o oh © D so ~ oe 
ae é » © 2 e a o ra ec 2 Oli sii siis 2 nas 
C -~ =~ 
ale ae 3113] 4¢ gl] ails 211 3]/E] [oll ajsiis 3 
S115 élleiie etl ett SHIS|lé ToT ei oti 2itelle =~ 
m| a = ells ollslis 3s ell ed 0 od oe € = = 
oO © 2 s s = < 5 ® 5 a x x x< = 
~ ~ 273 3) Q oO € z e © § o = oO ® ® 3 ° 
[y9} tye} 5 3 | c i= bed Neg n oO co oO 
= s = —_ © © © D> ® ne} no) << 
a) Qa S 7) 7) = S toy) ° Q 2 en < 
c c c o © cS) ro) 2 8 = Vv) Cc c 
= = = 2 fa) c= 4 a 2 ra _ _. 
a. o as 





eas Input Buffer Register 1B(16) 


ed 


— Data Bank Register DT(8) 














ee Se eee ae See © aa 


SLAG PN . O° AW SSAV SSANO SSA a 
indu uoNoaj}es yndui aBeyoa (AG) (AO) (AQ) (AQ) (AS) yndu! jasoy yndyno siqeuy yndyno yo0jQ. = yn! 49019 
yIpIM sng so0usIajOY 


WVYDVIG NDOT dHXXXTSINOLZZEIN 
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FUNCTIONS OF M37710M8LXXXHP 


a 






























Memory size 













Input/Output ports 
eee Po 4 ix 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
TBO, TB1, TB2 16-bit 3 
Serial 1/O . (UART or clock synchronous serial I/O) X2 
) 
; ) 
) 





Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator 
Supply voltage 2. 7~5. 5V 
oh those 12mW (At 3V supply voltage, external clock 8 MHz frequency 
Power dissipation 
30mW (At 5V supply voltage, external clock 8 MHz frequency 
Input/Output characteristic 
Memory expansion Maximum 16M bytes 
Operating temperature range —40~85°C 







80-pin plastic molded fine-pitch QFP 
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PIN DESCRIPTION 


Power supply 
ss 
CNVszs input 
Reset input 


Xin Clock input 
Xout Clock output 
Enable output 


Supply 2. 7 to 5.5V to Vcc and 0 V to Vss. 









This pin controls the processor mode. Connect to Vss for single-chip mode, and to Voc for external ROM 
types. 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 






These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xout. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


BYTE 


Bus width selection input 


AS) aL AL 
z 

o © 

m = 

4 a 


Power supply for the A-D converter. AVss is also used for D-A converter. Connect AVcc to Voc and AVsgsg to 
Vss externally. 


VReF Reference voltage input Input This is reference voltage input pin for the A-D converter and the D-A converter. 


AVcc Analog supply input 











In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


POQo~P07 1/O port PO 1/0 


P19~P17 \/O port P1 / 
P29~P27 \/O port P2 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Ag3~ Aig) is 

| output when E output is “H”. 

P3o9~ P33 1/O port P3 1/0 in single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 

rocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

P49~P47 I/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xj pin by 2. in microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 

P59~P57 1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as !/O 
pins for timer AO, timer A1, timer A2 and timer A3. P59~P5g also function as output pins for pulse motor 
drive waveform. 


P60~ P67 I/O port P6 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer A4, external interrupt input INTo, INT, and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. P6 also functions as an output pin for pulse motor drive waveform. 

P79~P77 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 


P89)~P87 I/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D,5~Dsg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H’. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 


< 

” 

Oo 
8 
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BASIC FUNCTION BLOCKS 

The M37710M8LXXXHP has the same functions as the 
M37710M4BXXXFP except for the following: 

(1) The ROM size is 60K bytes. 

(2) The RAM size is 2048 bytes. 

(3) The reset circuit is different. 

(4) The package is different. 

Therefore, refer to the section on the M37710M4BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


00000016 0000001. 
00007Fi¢ 


000080. Peripheral devices 


Internal RAM 
2048 bytes 


control registers 


OOFFFFi¢ | ~ 
010000:¢ 00007F ., 


00087F 16 
Bank 1146 001 000,. 


O1FFFFi¢ 


interrupt vector table 


A-D conversion 


| UART1 transmission | transmission 
UARTO receive 
Timer B2 
Internal PROM Timer B1 
60K bytes Timer BO 


FE00001. Timer A4 
Timer A3 


Timer A2 
Bank FE46 ; Timer At 
FEFFFF ig | Ne 


FF0000i¢ INTo 
Watchdog timer 


Bank FF ie OOFFD6,, 
\ 


: BRK instruction 
\ Zero divide 
FFFFFFig OOFFFF is youll. RESET 

















Fig. 1 Memory map 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 M37710M8LXXXHP 
to 5.5V. Program execution starts at the address formed by 
setting the address pins Ao3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF,.¢, and A7~ Ag to the contents of 
address FFFE4.. 

Figure 2 shows the status of the internal registers when a 
reset occurs. 

Figure 3 shows an example of a reset circuit. The reset in- 
_ put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. Fig. 3 Example of a reset circuit (perform careful 


evaluation at the system design level before using) 





Address Address 








(1) Port PO data direction register (0416): 0046 (29) Processor mode register 0 (5Ei6) °° | 0016 


(2) Port P1 data direction register (0546): 0016 (30) Processor mode register 1 (5Fieg) DOODXKD 0 
(3) Port P2 data direction register (08,,6)°° 0046 | 31) Watchdog timer (6046)°: FFFi¢ 


(4) Port P3 data direction register (0916): NXDX1X] 0 | | 0 0 (32) Watchdog timer frequency selection flag (61ig)°° DOK 0] 
(5) Port P4 data direction register (0Ci¢)--- 0016 | (33) Waveform output mode register (62;.):°: | 00:6 








i 






































(6) Port P5 data direction register  (OD4.)--- 0016 | (34) Reserved area (Do not write to this address) (6646)--- | 0016 | 
(7) Port P6 data direction register (1016)°"° (35) _A-D conversion interrupt control register (7016) °° DX 0] of 0] 0] 
(8) Port P7 data direction register (A1i6)° (36) UART 0 transmission interrupt control register (7146)°"° x : x Y 0;0/0/0 

(9) Port P8 data direction register (1446)°"° | 00:6 | (37) UART 0 receive interrupt control register (7216)°°° | X | x x X 0 | 0 | 0 | 0 | 
(10) A-D control register 0 (1Ey6)°- }o[0|0/0/2]2| ? (38) UART 1 transmission interrupt control register (7316)°°° XXX oo [of 0] 


(11) A-D control register 1 (1Fig) 10 )X 0 fojo}1 1 (39) UART 1 receive interrupt control register (7446)°° 0/0/0;0 


Timer AQ interrupt control register (7516)°"° XXX! o[ 0] 0] 0. 


(41) Timer A1 interrupt control register (7616)°° xX} 0}0}0] 0 


0} 0 0/0 
43 Timer A3 interrupt control register (7816)°"° XXX of o[ of o| 
(44) Timer A4 interrupt control register (7916)°°° XK of of o | 0| 
(17) UART 1 Transmit/Receive control register1 (3D46)°°° [o|o|o|o[o|1| (45) Timer BO interrupt control register (7Aig)°° XXX | | 0 0} 0| 


(18) Count start flag (4016)°"° (46) Timer B1 interrupt control register (7Big)* KKIX)X( 0 | 0/0 lo. 


(19) One-shot start flag (4216)°°: MKM)X| 0} 0} 0/0. Timer B2 interrupt control register (7Cig)" XXX of 0] 0 0 


(0) Up-down flag (4416) °°° 0016 (48) INT 9 interrupt control register (7Dy6)°*° hae 0/0 0 0|0 0 








(12) UART 0 Transmit/Receive mode register (304)--- 





=> 
.—4 


(13) UART 1 Transmit/Receive mode register  (3846)-- 





(14) UART 0 Transmit/Receive control register0Q (3446)-"- XXX) 0} 1 [0/0 
(15) UART 1 Transmit/Receive control register0 (3C46)°*: X)X) 0 + 


(16) UART 0 Transmit/Receive control register1 (3546)°-- 


: 


Timer A2 interrupt control register (7716)°"° 








= 
YS 








os 
= 





= 









































(1) Timer AO mode register (5646) ""° 0016 | | (49) INT, interrupt control register (7Ey6)°" Xo} 0} 0] 0/0] 0 
(2) Timer A1 mode register (5716)°" 0016 | (50) INT 2 interrupt control register (7Fig) X)X/ 9] 0] 0] 0| 0| 0 
(3) Timer A2 mode register (5816)°*° | 0046 | (51) Processor status register PS fojo}o|2|2;ofo]o\1/2| 2| 
(4) Timer A3 mode register (5916)°*: 0016 | (52) Program bank register PG a 0046 | 
(25) Timer A4 mode register (5Ai6)°"° 0016 | (53) Program counter PCy, Content of FFFFi.¢ | 
(26) Timer BO mode register (5Big)"** | 0 }o}1}o}olojolo (54) Program counter PC, Content of FFFE1. 

27) Timer B1 mode register (5Ci6)**: | 0 jo | 1 x 0/0 | 0 |o| (55) Direct page register DPR | 000016 

(28) Timer B2 mode register (5Di6)°*: fo} 0 1 | 0| 0) 0 0 (56) Data bank register DT | 0046 | 








Contents of other registers and RAM are not initialized and should be in- 
itialized by software. - 


Fig. 2 Microcomputer internal status during reset 
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ADDRESSING MODES 

The M37710M8LXXXHP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37710M8LXXXHP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ROM ORDERING 
Please send the following data for mask orders. 

(1) M37710M8LXXXHP mask ROM order confirmation form 
(2) 80P6D mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS | : 


7 














Unit 





Analog supply voltage —0. 3~ Vv 

| V, _| Input voltage RESET, CNVss, BYTE —0.3~12 y 
Vv 
Vv 


Vcc 
Vi 
V; 
Vo 

r 





Pe eee 
Input voltage POp~P07, P1p~P17, P29~P27, P39~P3s, . 
| P4g~P47, Pip~P5z, P6y~P67, P7p~P77, —0. 3~Vec+0. 3 
P89~P87, Vrer, Xin . 
Output voltage PO9~P07, P19~P17, P29~P27, P3p~P33, 
P49~P47, P5g~P57, P69~P67, P7>~P77, —0. 3~Voc+0. 3 
P89~ P87, Xourt; E | 


Power dissipation . Ta=25C | 
Operating temperature © 
Storage temperature 





| —65~150 





















RECOMMENDED OPERATING CONDITIONS (vcc=2.7~5.5V, Ta=—40~85C, unless otherwise noted) 


Max 
V 


Typ. 
| 
Supply voltage 


High-level input voltage PO g~P07, P39~P33, P4o~P4z, 
P5o~P57, P6y~P67, P7>~P77, 
P89~P87, Xin, RESET, CNVgs, 
BYTE 

High-level input voltage Plo~P17, P29>~P27 
(in single-chip mode) 

High-level input voltage P19>~P17, P2>~P2, 
(in memory expansion mode and 
microprocessor mode) 
(in memory expansion mode and 


Vin 
Vin 
Vin 
| Low-level input voltage PO9~P07, P39~P33, P49~P4z, 
P59~ P57, P69~ P67, P79~ P77, 
Vin 
Vit 
Vie 
microprocessor mode) 
High-level peak output current POQg~P07, Plo~Pt17, P29~P27, 
lon(peak) 





< 


N 
N 


Cc 





fo) 
on 
Ol! ? 


< 
Q 
QO 





Vcc 


0. 5Vcc Vcc 










0.2Vcc 





BYTE 


Low-level input voltage P1o~P17, P29~P27 
(in single-chip mode) 


Low-level input voltage P19~P17, P29~P27 


0. 2Vcc 





0. 16Vec V 


S S 
© CO 
< < 
0 2) 
QO (9) 
< 


P8~ P87, Xin, RESET, CNVss, 
P39~ P33, P4g~ P4,, P5o~ P57, 








P69~ P67, P7o~ P77, P89~ P87 


High-level average output current POg~P07, Plp~P17, P29~P27, 

lon(avg) P39~P33, P4g~P47, P5g~P57, 
P69~P67, P7>~P77, P89~P87 

Low-level peak output current PQg~P07, Pip~P17, P29~P27, 

lou(peak) P39~P33, P4o~P47, P5g~P5z, 
P69~P67, P790~P77, P89~P87 


Low-level average output current POp~P07, Plo~P17, P29~P27, 
lou avg) P39~P33, P4g~P47, P5p~P5z, 


P69~ P67, P7o~ P77, P89~ P87 
(Xin) 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


z 
° 
3 
> 


3 
fe fe}elet<fe] < f= |e] = kee 


= 





s 
> 








External clock frequency input MHz 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25°C, f(Xiny)=8MHz, unless otherwise noted) 


Limits 
Parameter Test conditions | timits 
Pram Twin, | Typ. | Max. 


High-level output voltage PO9~P07, Plo~P17, P29~P27, 
P3o, P31, P33, P49~P4z, 
P5o~P57, P69~P67, P7o~P77, 

P8)~ P87 

High-level output voltage PQ9~P07, P19~P17, P29~P27, 
P39, P31, P33 









Unit 











Vec=5V, lon=—10mMA 3 










Vec=3V, lon= —1ImA 














Vec=5V, lon= — 400 A 


Von | High-level output voltage P3;  Voc=5V, low=—400HASS”S*~=“‘s*‘*dC*CCS 
34 
Vou High-level output voltage E Voc™=5V, lon=—400uA 
Voco=3V, lox=—1mA 


Vou 



















Low-level output voltage POg~P07, P19~P17, P29~P27, 











Voi P3p, P31, P33, P4o~P4z, Voo=5V, lo.=10mA ; 
. P5o~P57, P69~~P67, P7p~P77, 
P89~ P87 Voc=3V, lo.-=1mA 
Vor Low-level output voltage Sep iaien o~P17, P29~P2z7, Voce=5V, lo:=2mA — 
Voc=5V, lot =10mA 
Voi Low-level output voltage P3, Vec=5V, lo. =2mA nis 








Voc=3V, loL=1mA 
Voc=5V, lop =10mA 
Voc=5V, loL=2mA 
Voc=3V, lop=1mA 
Voc=5V 


= 
Vr4—Vy7— | Hysteresis RESET 
: 
Voc=5V 
Vr4+—7Vr~— Hysteresis Xin oe | Ot | 
Voo=3V 0.06 | 














34] 
ae 
oo 
—— 
= 
= 
4 
rot 









High-level input current POQg~P07, Pip~P17, P29~P27, 
P39~ P33, P49~P47, P5p~P57, 
P69~ P67, P79>~P77, P89~P8;, 
Xin, RESET, CNVsg, BYTE 
Low-level input current POg~P07, Plop~P17, P29>~P2z7, Vec=5V, V.=0V 
P3q~P33, P49~P47, P5p~P5z, 
P69~ P67, P79~P77, P89~P87, 


RAM hold voltage When clock is stopped. 
In single-chip f( Xin) =8MHz, 


Ta=25 when clock is 
and other pins stopped. 
are Vss during 





Voc=5V, V,=5V 










Vec=3V, V|=3V 


:s 

















2 
oO 
> 


5 


nD 
3 
> 


mode output 












only pin is open 






Power supply current 


Ta=85C when clock is 
stopped. 


RN 
oO 


reset. 





z 
> 
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A-D CONVERTER CHARACTERISTICS (Vec=AVoc=5V, Vgs=AVss=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) - 


: 
Symbol Parameter Test conditions Unit 


SE |" CASS |", “SORRAAOURS Scion ing os 
[=F avsoute accuracy ——SS~S*~S~sd eee 
[anoen | Ladder resistance ——=S~S~*~S~Ssd ees 

Ftoonv | Gowersntime ———SSSSCS—C—~S~“s*Ss~‘iS 

2 
ea enna 








LS 
k 
u 


Le | Bits 
eae | LSB 
| 20 | ka | 
— | ws 
— ed 





NS} O01] O1 


Vance | ov | 








B 

2 

| vs 
Vv 

V 





D-A CONVERTER CHARACTERISTICS (Vec=5V, Veg=AVec=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
Typ. 


Twin | typ. [Max 
fensee ee eos 

aa eee 
hese 


Output resistance 


1 2.5 


lveer _| Reference power input current (Note) 


Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “004,”. 
Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Voc=2. 7~5. 5V, Vss=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 
External clock input 


ene 3 ; Limits 
ymbo arameter Min. | 
tc External clock input cycle time 


External clock input high-level pulse width | 50 


Unit 














wax | 

a 

— 

twa) | External clock input iow-iove pulse width ———SSCSCSCSC~“~S~“~“~“<S*~=~S~sSC 
20 


External clock rise time 
External clock fall time 


Single-chip mode 


ymbo arameter Min. | 


Unit 














tsu(Ppop—e) Port PO input setup time 
tsu(p1p—e) | Port P1 input setup time 300 

tsu(p2D—e) Port P2 input setup time 
tsu(p3D—E) Port P3 input setup time 








tsu(p4p—e) 
tsu(esp—e) 
tsu(p6ed—e) 


tsu(p7D—e) 


Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 





-) 





30 
3 


io) 





tsu(psp—e) Port P8 input setup time 
thc e—pop) Port PO input hold time 
thc e—Pp1p) Port P1 input hold time 


th(e—p2p) Port P2 input hold time 


I = 

| oe 

| ae 

th(e—ps3p) Port P3 input hold time Oh 
I Eo 

I | 0 

a = 20 


th(e—psp) Port P5 input hold time 


th(e—pep) Port P6 input hold time 
thce—p7p) _| Port P7 input hold time Ts | 


thc e—psp) Port P8 input hold time 











0 
0 
300 
300 

30 


Memory expansion mode and microprocessor mode 


Symbol Parameter Unit 


tsu(e1D—e) Port P1 input setup time 
tsu(p20—e) Port P2 input setup time 





 — 
tsu(Rpv—¢,) | RDY input setup time 


| Min. 

| 80 

| 80 

RDY it | 90 

| tsucnoro—s) | HOLD inputsetuptime 
Oy 

ee 

Ore! 

nO 








th(e—p1b) Port P1 input hold time 
th(e—pe2b) Port P2 input hold time 


th(g ;—RDY) RDY input hold time 





th(¢,—HOoLb) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


te(TA) TAiyy input cycle time 
tw (TAH) TAijy input high-level pulse width 125 


TAijy input low-level pulse width 











Timer A input (Gating input in timer mode) 


Pee ee 
| 1000_| 


TAiy input cycle time . 
TAiwy input high-level pulse width | 500 
TAin input low-level pulse width 





















Timer A input (External trigger input in one-shot pulse mode) 


TAiy input cycle time _ 
TAiwy input high-level pulse width 
TAiin input low-level pulse width 








Timer A input (External trigger input in pulse width modulation mode) 


ymdo arameter Min. 


TAiin input high-level pulse width | 250 | 
TAin input low-level pulse width 250 fe el 





Timer A input (Up-down input in event counter mode) 


Limits 












5000 
1000 
TAiout input hold time 


N 


NO 
Oo 
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Timer B input (Count input in event counter mode) 


TBiy input cycle time (one edge count) 250 ane 
tw(TBH) TBijy input high-level pulse width (one edge count) | 125 | | 
tw(TBL) TBi\y input low-level pulse width (one edge count) | 125 | | 















TBiy input cycle time (both edges count) 
TBi\y input high-level pulse width (both edges count) 2 
TBiy input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


Symbol 


Saeneelan 1 
TBiy input high-level pulse width | ons | 
TBiyy input low-level pulse width el 


Parameter 










Timer B input (Pulse width measurement mode) 


Symbol Parameter 
tc(TB) TBin input cycle time 


TBiy input high-level pulse width 
TBijn input low-level pulse width 





A-D trigger input 


| 
yYMDO arameter Min. _| 


ADrrg input cycle time (minimum allowable trigger) 2000 
ADrrg input low-level pulse width 





Serial I/O 


Symbol 


CLKj input low-level pulse width 
Ftdcc-ay_[TOjoutputdelytine SS CSC~—“—~S™S~S~SSOSTCTTCC“(#S“CLNC#C*S 
Pincay _|TDjhodtime —SC~“—~SsSsSSSOSOCOCOCSC“CSCS“‘“‘“SSCSCSCSC*iSC‘ 
Fteuco—cr | PeDimputsuptime SSSC~“—~*~“—~*~*~*~*~“s~*SsS*S~S~S~SSSSSSC*dSCié 

tones 









Parameter 





















CLK; input cycle time 











CLKj input high-level pulse width 












External interrupt INTj input 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


SWITCHING CHARACTERISTICS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25, f(Xin)=8MHz, unless otherwise noted) 
Single-chip mode | | 


Port PO data output delay time 


Limits 





Unit 













ar 
oS 
oO 





Port P1 data output delay time 300 
300 


Port P3 data output delay time 
Port P4 data output delay time 


W1w 
O|oO 
O|O 


WwW 
oO 
oO 


td(e—Pp2aQ) Port P2 data output delay time 







Wi w 
oO;O 
O;O 


Ww 
oO 
oO 


td(e—psa) 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


es Limits 
Symbol Parameter Test conditions 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 

Port P1 floating start delay time (BYTE=“L”) 

Port P1 address output delay time 

) 
) 


Port P1 address output delay time 
td(e—p2a) Port P2 data output delay time 
Port P2 floating start delay time 


E 
E 
Port P1 data hold time (BYTE="L") 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L” 
Port P1 address hold time (BYTE="H”) 
BHE hold time 
wa 


\<oRR<e) © Oo? |} | © Ol} Ol) oO? 
oy; o o1 NO ERO] PO NO} RD Nh) | PO NO 
RO eek 7 
oO Oo >) 





N 

NO|—|—|o] te) 

O|ca}co|/m|o oO 
a 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


; 
Symbol Parameter Test conditions 


Port P1 data output delay time (BYTE="L") 
| 












Unit 





=“L") 
Port P1 data hold time (BYTE=“L") 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
E pulse width 


> 

~ © © | oO co | GD | Oi} & O11 oO 

co) oO OT] O1 On RO} MYDD RO} RO RO} NM NO 
—_A sb — 
N Ww €) 
co) oO Oo 
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_Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


Parameter Test conditions 


td( Poa—e) Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 


Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

Port P2 address output delay time 

HLDA output delay time 

ALE output delay time 

ALE pulse width 





—s —b —) 
RO W W 
(o) oO oO 





WI] Wp —)w —j)] Ww w 
co} wo] wo te) =—|=—10O Ni NN] —_ 
om} oi! oF oi holpol~N NI} PO NI] po NO 


eooeb 
oO 
on 


i ) 
Port P1 data hold time (BYTE=“L”) 
. ") 


E pulse width 


ne h 
~S i<oR Re) 
o ay oa 





Fig. 4 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM ty tf t 
Single-chip mode < twin) wou) 
(Xin) 
E 
ay tdie—pog) 
Port PO output x 
tsu(poo—e) paca 
Port PO input e thie—pop) 
aig tdie-piaq) 
Port P1 output Xx 
tsu(p10—e) 
— 
Port P1 input ae th(e—pip) 
ny tdie—p2q) 
Port P2 output |X 
tsu(p20-e) 
— 
Port P2 input ea thie—p2p) 
| tdie-p3q) 
Port P3 output Xx 
| 
tsu(p3p—e) 
-— 
Port P3 input cy thie—psp) 
| tdie—paq) 
Port P4 output x 
tsu(pso—e) 2 
Port P4 input \ thie—Pao) 
na tdie—Psa) 
Port P5 output X 
tsu(Ps0—-e) — 
Port P5 input i th(e—psp) 
| td(e—Ppea) 
Port P6 output Xx 
tsu(p6o—€) 
— 
Port P6 input ho th(e—pep) 
ng td(e—p7a) 
Port P7 output x 
tsu(e7D—e) pes 
Port P7 input ie th(e—p7pD) 
| eS td(e—psa) 
Port P8 output IB. 
| tsu(psp—e) pues 
Port P8 input fe thie—psp) 
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te(ta) 


TAiwn input 





tw(uPH) 





TAiour input 


TAiour input 
(Up-down input) ( 


in Event counter mode 


TAin input 


(When count by falling) 
Se 
(When count by rising) 


TBi,y, input 





te(an) 









tw(aov) 





ADrrac input 


toick) 


wer 


thic—a) 


tsu(o—c) thic—p) 
eee 
RxD; 


twanv) 


INT; input 
twink) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


fro en ae ee ee 


E / 


RDY input 


tsu(Rpy—4,)}  th(¢1—Roy) 


(When wait bit = “0”) 


dy 


m| 
~ 


RDY input 


(When wait bit = “1” or “0” in common) 


$y 


thi ¢;—HOLD) 


tsu(HoLD— 4) 


HOLD input 







td(¢;—HLDA) td(¢,—HLDa) 


HLDA output 


Test conditions 

* Voc = 2. 7-~5. 5V 

* Input timing voltage ° Vi, = 0. 2Voc, Vin = 0. 8Voc 
* Output timing voltage : Vo. = 0. 8V, Von = 2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


tf tr to 
twiv) tw(H) 


? 
tdie—¢,) Nees 
E | 


Port PO output 
(Ag~Az) 


— Address 


tozx(e—P1z) 
Port P1 output 
(Ag~A15/Dg~Dy5) 
(BYTE=“L") 





td(pia—e) 
th(e—P1a) 
a a ere 


(Ag~Ai5) . 
(BYTE="H") -——| thi e—Pp1D) 
Port P1 input | 

thcace— mm! Bee ‘tpxz(e—p2z) tozx(e—p2z) 
a) a 


Port P2 output ———— —_--—----— _ Address 


(Aig~Az3/Do~ D7) tsu(p20—e) 
td(p2a—ALe) ao P2Q) -—— thie—peo) 
Port P2 input 
W(ALE) 
(ALE~E) 
Port P32 output 
(ALE) 








aaa E) 
hi e—-BHE 
Port PS; output aes aN 3 ——ae 
(BHE) 
tdir/w-e) thie—r-w) 


Port P39 output 
(R/W) 


Test conditions 

* Voc=2. 7~5. 5V 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 

* Ports P1, P2 input =: Vi. =0. 16 Voc, Vin=0. 5Voc 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


tc 
f( Xin) F 
$, 
tdie—s,) i i 
— tdie- —¢) 
é a 
a 


rt ae 
(Ag~ Ay) Address 4 Address 

th(ace—P1a) tpzx (e—P12) 
(Ag~A1s/Dg~Di5) {Data | >} {address Address 


(BYTE=“L”) uni 


t t 
Port P1 output h(e—p 1A) . pale d(P1a—€) 


fare (ieee Fe 
(BYTE="H") 


P1D) 
Port P1 input 


eon p2n) fe a 
Port P2 output 


(Aye~Az3/Do~D;) e—.3 De) Address 


_— ALE) 
Port P2 input. 
“ 
td(aLe—e) 
Port P3, output 
(ALE) 


ah 






tq (P1A—ALE) 


eS 






tsu(e20—e) 


panes th(e—p2p) 


Ie eee 


d( BHE—€) 
thie- BHe) 
aaa ak eee t 
(BHE) 
thie- avw) 


Port P3, output 
(R/W) 





Test conditions 

* Voc=2. 7~5. 5V 

* Output timing voltage > Vo_=0. 8V, Von=2. OV 

* Ports P1, P2 input > Vy =0. 16Voc, Vin=9- 5Vec 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


- 


Cc 


tXy) | | Wa 


?y / 
td(E—¢,) tde—4,) 


[raarewe |) 


toxz (e—P1z) 
SS Sa ae eae Address 


m| 


t 
tera | (Address 







th(aLe—p1a) tozx (e—p1z) 
Port P1 output 
(Ag~Ajs/Dg~Dy5) Address 


= 
(BYTE="L”") rae 
ae 


— 


SE 
if] 
wa | 


> 
Q 
Q 
x 
7) 
” 
77) 


Address 


is 






td(e—P1a) 


t = 
d(P1A—ALE) tdipine) 


th(e—P1a) 
Port P1 output 


(hah) 
(BYTE=“H”) | 

pate thie—p1p) 
Port P1 input 


Port P2 output thiaLe—p2a) ee tpxz (e—p2z) tozx (e—p2z) 
( Address | { Data { Address _| 
ae, Y L_ feaross_L) 







(Aig~A23/Do~D7) gees er aah ee Address 


'd(e—p2a) th(e—pap) 
td(p2a—ALe) be 
Port P2 input 
wai td(ALe—e) 
Port P32 output —N 
(ALE) | 


tsu(p20—€) 





td(BHE—-E) 
eaneaarn ave Pe) 
(BHE) ie 
td(r/w—-e) 
thce—R/w) 
Port P39 output 
(R/W) 
Test conditions 
- Voc=2. 7~5, 5V 
* Output timing voltage > Vo, =0. 8V, Voy=2. OV 
* Ports P1, P2 input : ViL=0. 16Vco, Vin=0. 5Vcc 
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DESCRIPTION 

The M37710S4BFP is a microcomputer designed with high- 
performance CMOS silicon gate technology. This is housed 
in a 80-pin plastic molded QFP. This microcomputer has a 
large 16M bytes address space, three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This 
microcomputer is suitable for office, business, and industrial 
equipment controller that require high-speed processing of 
large data. 


FEATURES 


@ Number of basic instructions PR Ee RE RT ee ee 103 
e Memory size RAM Tee Tee CC CCE CUTS Cee ERT ee Te 2048 bytes 
@ Instruction execution time 


The fastest instruction at 25MHz frequency --:-:--:: 160ns 
e Single power supply AW eetod s Steen eieed:ore,nfeieieee cele ets eee 5V+10% 
@ Low power dissipation (at 25MHz frequency) 
oe wedgan Vie Me baee gaew we eebie 95mWw (Typ.) 
@ Interrupts orcs eee ee ete e eee tee neces 19 types 7 levels 
@ Multiple function 16-bit timer -cccoeooc tt: 5+3 
(Pulse motor drive waveform can be output.) 
@ UART (may also be synchronous) <::11retrstrrre teeter 2 
@ 10-bit A-D converter:::::::s::7rtrrt etree 8-channel inputs 
— @ 8-bit D-A converter :::1-1rtr errr 2-channel outputs 
@ 12-bit watchdog timer 
@ Programmable input/output © 
(ports P4, P5, P6, P7, P8) che Neder nee ne ved Mba hee eae Sone at 37 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as com- 
munication and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 


rocomputer. 
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P7o/ANy + 
P6¢/TBIiy +> 
P6s/TBOiy ++ [4] 


P6s/INT, +> [6] 
P6/INTy +> 


P6y/TAdour/RTP1, ++ [9] 


P5g/TA3qyr/RTP1, +> [1] 
P5s/TA2in/RTPI, +> 
P54/TA2qyr/RTP1y +> 
P5o/TAl y/RTPO, +> [14] 


P5o/TAL gut /RTP0> > 


P54/TAOy/RTPO, +> [16] 
P5o/TAQQuT/RTP0g + 
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+> P72/ANo 
+> P73/AN3 
> P74/AN4 
— P75/ANs5 
++ P7¢6/ANg 
+> P77/AN7/ADtac 


1B} ++ P89/CTSo/RTSo/DAg 
+> P81/CLKo 


Ss] 


1Sj-> P7,/AN, 
1B] +> P82/RxDo 


ro | 
a3] 
[3] 
el 
El 
i 
S| 


djdgvsolZzZew 


[SI 
[3 
[3] 


HOLD — 
BYTE — 
RESET — 
Xin — 
Xout + 
E+ 

Vss 
HLDA < 
ALE + 
BHE +— 
R/W — 
A23/D7 + 
A22/Dg +> 
Aoi/Ds > 


CNVss 


Outline 80P6N-A 


* : Used in the evaluation chip mode only 


+> P83/TxDo 


PIN CONFIGURATION (TOP VIEW) 


[64] +> P8,/CTS,/RTS,/DA, 
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M37710S4BFP BLOCK DIAGRAM 
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Clock Clock Clock ¢, Enable Reset Reference | acknowledge Address latch Byte high | Read/Write Hold request Ready Bus width 
input output output output input (5V) (OV) (5V) (OV) (5V) voltage input — signal enable enable output _ Input Input selection input 
Xin Xourt ¢; E RESET Vcc Vss CNVss AVss - AVec Vrer HLDA ALE BHE R/W HOLD RDY BYTE 


V . v v V 


Instruction Register (8) 
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Timer TA4(16) 






D-A1 converter(8) 
D-AO converter(8) 
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Address higher middler/Data(16) 
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Input/Output Input/Output Input/Output Input/Output Input/Output Address bus/Data bus Address bus 


port P8 port P7 port P6 port PS port P4 
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FUNCTIONS OF M37710S4BFP 


Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
P5~P8 8 -bitX 4 
Input/Output ports 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 
A-D converter 10-bitX 1 (8 channels) 
D-A converter 8 -bitX 2 
Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
Interrupts ; — 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 


Input/Output characteristic 
Memory expansion Maximum 16M bytes 


Operating temperature range —20~85°C 
80-pin plastic molded QFP 
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CNVss Connect to Vec. | 


Bus width selection input 















To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required time. 





These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


es) 
m 
op) 
m 
| 





Data or instruction read and data write are performed when output from this pin is “L”. 





This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
“L” signal inputs and 8 bits when “H” signal inputs. 





AVss Power supply for A-D converter. AVss is also used for D-A converter. Connect AVcc to Vcc, and AVss to Vss 


externally. 


Analog supply input 








This is reference voltage input pin for A-D converter and D-A converter. 


This pin outputs the clock $, which is divided the clock to Xin pin by 2. 


This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is “L”. 


Reference voltage input 
Clock output 


. 
. 





Hold request input 


Hold acknowledge output 
Read/Write output 
Byte high enable output 


This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is “L”. 


This is an output pin for HLDA signal, indicates the hold state. 


<= > ow mi 
3 z g 
a ° rm 





RDY 
HOLD 
HLDA 
R/W 


“H” indicates the read status and “L” indicates the write status. 


“L” is output when an odd-numbered address is accessed. 
































ALE Address latch enable This is used to retrieve only the address data from address data and data multiplex signal. 
output 
Ao~Az Address (low-order) output; Output | Address (A7~Ao) is output. 
As/Dg~ Address (middle-order) 1/0 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Dijs~Dg) is input or 
Ai5/Di5 output/Data (high-order) output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. In case the BYTE pin 


1/0 is “H” and an external data bus is 8-bit width, only address (A;s5~Ag) is output. 








Address (high-order) /O Low-order data (D7~ Dp) is input or output when E output is “L”, and an address (Ao3~Aj6) is output when 
output/Data (low-order) E output is “H”. 


1/O ; 

P43~P47 1/O port P4 /O Port P4 is a 5-bit !/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 

P5o9~P57 I/O port P5 1/O Port P5 is a 8-bit i/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 
These pins also function as I/O pins for timer AO, timer A1, timer A2 and timer A3. P59 to P5g also function 

as output pins for pulse motor drive waveform. 

P60~ P67 I/O port P6 1/O In addition to having the same [/O functions as port P5, these pins also function as I/O pins for timer A4, 

external interrupt input INTo, INT; and INT2 pins, and input pin for timer BO, timer B1 and timer B2. P69 also 
functions as an output pin for pulse motor drive waveform. 


P79~P77 1/O port P7 1/0 These pins also function as analog input ANo~ANz7 input pins in addition to having the same I/O functions 
as port P5. P77 also has an A-D conversion trigger input function. 

P89~P87 1/O port P8& /O These pins also function as RxD, TxD, CLK, CTS/RTS pins for UARTO and UART1 in addition to having the 
same I/O functions as port P5. 
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BASIC FUNCTION BLOCKS 

The M37710S4BFP contains the following devices on a 
single chip: RAM for storing instructions and data, CPU for 
processing, bus interface unit (which controls instruction 
prefetch and data read/write between CPU and memory), 
timers, UART, A-D converter, D-A converter, and other 
peripheral devices such as I/O ports. Each of these de- 
vices are described below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0,, to FFFFFFi¢. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 04, to FF 46. 

_ Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank 04¢. 


Addresses FFD61, to FFFF,, are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 2048 bytes area from addresses 801, to 87F,,_ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0g to 7Fig are peripheral devices 
such as |/O ports, D-A converter, A-D converter, UART, 
timer, and interrupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 0,, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


000000), 000000, 
00007 Fi¢ 


Peripheral devices 
000080;. . 


control registers 


see Fig. 2 for 
further information 


Bank O16 r 
| 
| 


Internal RAM 


OOF FFF \¢ 


2048 bytes 
010000;, [_ 


NN 
00007F 1. 


00087F 1, 





Bank 116 


O1FFFFi¢ 


Interrupt vector table 
OOFFD64¢ «1 a” 


ee ep ee a 


Timer BO 


b — ee 4 
FE0000;. Timer A4 


“_ 
— 


FEFFFFi¢ \ 
FFO000,, | \ 
, \ 
OOFFD6,, L- 
\| 
OOFFFFig \L_ 


Sa aeienteenisiantansiientastententents stentententententanr 


| 
Bank FFi¢ | 
| 


FFFFFFig [_ 


[J : interna! 


rs. 
nck External 





Fig. 1 Memory map 





eS 


2119 


MITSUBISHI MICROCOMPUTERS 


M37710S4BFP 


16-BIT CMOS MICROCOMPUTER 
























































































Address (Hexadecimal notation) Address (Hexadecima! notation) 
oo000 | 000040 
oo000t ft 000041 | 
000002 ff eee 000042 | One-shot start flag 
oo000s |, 000043 
oo000¢ | 000044 
000008 ff 000046 | 
oooo00e {fe 000046 |r. ao 
000007, | 000047 
oooog { —‘—SSszY 000049 
00000A 00004A 
00000B 000048 
00000C 00004C 
00000D 00004D 
00000F 00004F 
000010 000050 
000011 000051 
000012 000052 
QO001S: [ioe oe ell 000053 
000014 000054 
0001s ff 000055 
000016 | 000056 
000017 | 000057 
000018 | 000058 
000019 ff 000059 
00001A 00005A 
o0001iB | 00005B 
00001C 00005C 
0000ID | 00005D 
00001E 00005E 
00001F QOO05F | Processor mode register 1 
000020 000060 
000021 000061 Watchdog timer frequency selection flag 
000022 000062 
000023 oo00es3 {| —Csi‘—SSSsisdz 
000024 000064 
000025 000065 
000026 | » _b register 3 000066 
000027 | oo00e7 | Cis 
000028 oooss | 
ooonzg © | “"Y resister 4 ooo [| s—~<CS~C~CSC~C~SC;«;<*? 
00002A ooo0eaA | 
000028 [Adres | oo0seB | —‘(si‘“CsisS 
00002C ,; ooo0ec | 
00002D ooo0eD {oY 
00002E QOOO6E | 
000030 000070 
000031 000071 
000032 000072 
000033 000073 
000034 000074 
000035 000075 
000036 000076 
000037 000077 
000038 | UART 1 transmit/receive mode register __ 000078 
000039 000079 
phat UART 1 transmission buffer register pbek 
00003B 00007B 
00003C UART 1 transmit/receive control register 0 00007C 
00003D 00007D 
00003E 00007E INTs interrupt control register 
00003F é 00007F INT». interrupt control register 


Note : Do not write to this address. 


Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“Q” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


? 0 
Program bank register PG 


7 0 


Data bank register DT 


In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 
Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 
Index register X 
Index register Y 
Stack pointer S 


Program counter PC 
0 


15 


7 0 
1010 }.0}0} 0 framed] vim{ x} Dd} 1] z[c) Processor status register PS 


Fig. 3 Register structure 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 
‘Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
. direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank Oj., but 
when the contents of DPR is FFO1;,— or greater, the direct 
page area spans across bank 0;, and bank 1j.. All direct 
addressing modes use the contents of the direct page reg- 
ister (DPR) to generate the data address. If the low-order 8 
bits of the direct page register (DPR) is “00,,”, the number 
of cycles required to generate an address is minimized. 
Normally the low-order 8 bits of the direct page register 
(DPR) is set to “00;,”. 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. : 
The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 7 
When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) | 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “O” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “0”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(x,.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used . 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 


unit 





Fig. 4 Relationship between the CPU and the bus interface unit 





MITSUBISHI 
A ELECTRIC 


2—123 


MITSUBISHI MICROCOMPUTERS 


M37710S4BFP 


16-BIT CMOS MICROCOMPUTER 





The bus interface unit operates using one of the waveforms 
(1) to (10) shown in Figure 5. The standard waveforms are 
(1) and (2). | 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 


internal clock ¢ LJ LJ LILI LE LAF LI LI LIL 
| avroy 
Bo 
ALE ass Yee ee 
~<—_—_——_> 
Access term 
Ai/Dj CA XD MAL D) 
Bo 
ALE ___S Lf Le 
—~$——_—_—_—_—___—_——>| 


Access term 
aio} 
as | i 
ALE ae | Pe ee 
>} 


Access term 

Av/oj —XAX_D__ XX DX 
: | -_ — 
ee! i a x eee 


$$$ $$$ —___—-_____»| 
Access term 


Ai/Dj CA XD XAHKD) 
Ee We LI 
i er i] eee! (a [er 
—— SS 


Access term 
Ai/Dj CA XD XAHK DO) 
nas lees ae Ceeceeen ad 
A aS ee 
}_-—_—___—_______»| 


Access term 


Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE. to “L”. (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 


Internal cock 6 LJ LFLIF LILI LI LILI LS] 
A/D} XA XX 
E Lo 
ALE —___J = 
| 


Access term 
Ai/Dj C A X_ D XKAti X dD ) 
Be ey a 
ALE a LS Le 


p}_@ $$$... -__--_- 
Access term 


A/D) 
Mee a 
it ae (ae ee pe 
Access term 
A/D} 
eae CO ey eee aa 
ALE __J LJ a ree 


_@$ >} 
Access term 


A : Address 


D : Data . 
Ai/Dj indicates multiplex 1/O pin with address and data. 


Access 
method) Access 2-byte| Access even | Access odd 
simultaneously) address 1-byte | address 1-byte 












BHE 





Fig. 5 Relationship between access method and signals Ap and BHE 
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When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Ag and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. 

The bit 2 of processor mode register 0 (address 5Ejg) is 
the wait bit. When external memory area is accessed with 
this bit set to “0”, the width of E signal is extended and ac- 
cess time can be extended. 

There are two ways to extend the access time and they are 
selected with the processor mode register 1 (address 
5F 16) bit 0. | 

When this bit is set to “1”, the “L” width of E signal in (1) 
becomes twice as long as in (3) and the access time be- 
comes 1.5 times (wait 1). When this bit is set to “0”, the 
ALE signal in (1) and E signal are extended as in (7) and 
the access time is doubled (wait 0). 

However, these signals are not extended when accessing 
internal memory area. 

When the wait bit is set to “1”, these signals are not ex- 
tended when accessing either memory area regardless of 
the value of processor mode register 1 bit 0. 

Waveform (4), (5), and (6) show the entire waveform, first 
half, and last half respectively of waveform (2) for wait 1. 
Waveform (8), (9), and (10) show the entire waveform, first 
half, and last half respectively of waveform (2) for wait 0. 
Instruction code read, data read, and data write are de- 
scribed below. 

Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 


Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1), (3) or (7) in Figure 5 is used for instruction code read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (10) in Figure 5 to perform the op- 
eration. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

- Use the SEB and CLB instructions when setting each inter- 
rupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT. to INTp are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective 
section. , 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 





Interrupt priority 


Interrupt request bit 


0 : No interrupt 
1: Interrupt 


Table 1. Interrupt types and the interrupt vector 
addresses 








Interrupts 
A-D conversion | OOFFD6i, OOFFD7ie | 
UART1 transmit 
UART! receive 
UARTO transmit 
UARTO receive 
Timer B2 
Timer 81 
Timer BO 




















Timer A4 OOFFE6i¢ QOFFE7i¢ 
Timer A3 OOFFE81.¢ OOFFE9,, 
Timer A2 OOFFEA;, OOFFEBi¢ 






Timer A1 
Timer AO 
INT, external interrupt 










INT, external interrupt 






INT, external interrupt 
Watchdog timer 

DBC (unusable) 
Break instruction 
Zero divide 











Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


76 5 4 32 1 «0 


a eae Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1: Interrupt 


Polarity selection bit | 


Q : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 
1 : Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. 
Level sense/edge sense selection bit 


0 : Edge sense 
1] : Level sense 


Interrupt control register configuration for INTo~INTo. 


Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Addresses 
A-D conversion interrupt control register 0000704, 
UARTO receive interrupt control register 00007246 
UART1 transmit interrupt control register 00007346 

0000744. 

00007546 

00007616 

00007716 

0000784. 

00007Ai6 

00007Bi¢ 
00007C;, 
00007D;,., 


Interrupt control registers 











UART1 receive interrupt control register 





Timer AO interrupt control register 





Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 





Timer A4 interrupt control register 





Timer BO interrupt control register 





Timer B1 interrupt control register 





Timer B2 interrupt control register 





INT interrupt control register 
INT, interrupt control register 
INT. interrupt control register 














00007 Fi, 


Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “O” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 


Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside @ 





Fig. 7 Interrupt priority 
Level 0 


A-D conversion 


\V 


Interrupt request] UART1 transmit 
UART1 receive 
UARTO transmit 
UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 


Watchdog Timer A3 


timer 
Timer A2 


Timer A1 


a Db Dp Dip 


Interrupt disable flag | Timer AO 


z 
o 


/\ 


| 


: 
=| 
° 


U5 IKEEKKYKYFKEEKEKYKTEKEKEK 





Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor 
mode register 0 (address 5E,¢) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to “00,,” and therefore, the longest time is 
selected. 

However, the shortest time should be selected by software. 


Internal clock ¢ 


Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 


| Reset 0 


Not change value of IPL. 
BRK instruction Not change value of IPL. 


Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 


Priority level resolution time selection bit 
Number of cycles 


ak ca 7 cycles of ¢ 
ee cee ee 4 cycles of ¢ 
a ee ae ee 2 cycles of $ 

















¢ : internal clock 


Bega gaee gape seeag2 


Operation code fetch ve [| LL J LH 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 0 


Fig. 9 Interrupt priority resolution time 





T 6 5&3. 21 0 
Cakes Processor mode register 0(5E;,) 





Fig. 10 Processor mode register 0 configuration 


Processor mode bits 
Q : Microprocessor mode 
|: Evaluation chip mode 


Must be “1” 


Wait bit 
0 : Wait 
1 : No wait 
Software reset bit 
The processor is reset when this bit is set to “1”. 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
0 1 : Select 1 in Figure 9 
1 0 : Select 2 in Figure 9 
‘Test mode bit 
Must be “0” 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port PS and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 


Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 

¢ Timer 

¢ One-shot 

¢ Pulse width modulation 


f. -—-O 
fig —O 
fs, —O 


Timer( gate function) 
f532-——O O 


Polarity Event counter 


selection 


External trigger 


Down count 


Count start flag 


(40,6) 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “0”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “0”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000;,¢. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


: (Lower 8 bits) Ll (Higher 8 bits) 


Reload register(16) 


Counter(16) 





Addresses 
Up/Down TimerA0 4716 4616 


Always decremented ce 49,6 4816 


except in event count mode]|_. 
TimerA2 4By¢ 4Ai6 


O Timer A3 4D,6 4x6 


TimerA4 4Fi6 4Ey6 


Up-down flag O 


(44,6) 


Pulse output 


Toggle flip-flop 


Fig. 11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAiour pin. The output is. toggled each 
time the contents of the counter reaches to 0000;¢. When 
the contents of the count start flag is “0”, “L” is output from 


TAiourt pin. 

When bit 2 is “0”, TAigyr pin can be used as a normal port 
pin. 

When bit 4 is “0”, TAi,, pin can be used as a normal port 
pin. 


When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAijy pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the input signal to TAi,, pin. Whether to count 
while the input signal is “H” or while it is “L” is determined 


by bit 3. If bit 3 is “1”, counting is performed while the TAij 
pin input signal is “H” and if bit 3 is “0”, counting is per- 
formed while it is “L”. | 

Note that the duration of “H” or “L” on the TAiyy pin must be 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5746 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


4 


: No pulse output (TAigur pin is normal port pin) 


: Pulse output 


: No gate function (TAijy pin is normal port pin) 
: Count only while TAiyy pin input is “L” 


: Count only while TAijy pin input is “H” 


: Always “0” in timer mode 


Clock source selection bit 
00 : Select f. 
01 : Select fig 
10 : Select fe, 


11 : Select fs12 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag Address 


7 6. “Bo 3 2 i 46 
CITT TTT) serene " 


Timer AO count start flag 


Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 


Selected clock source fj 


ne es 


Timer mode register 
Bit 4 Bit 3 


Sexe UUUUUL UU 


Timer mode register 


Bit 4 Bit 3 
UUUUUUU UUUUUUUU 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. | 

The input signal from the TAi,;y pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “0”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAioyrz pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “O” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigyr pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAigyt pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAiour pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAigyz pin be- 
fore valid edge is input to the TAijy pin. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000,, (decrement count) or 
FFFF,,¢ (increment count). At the same time, timers AO and 
Ai transfer the contents of the reload register to the coun- 
ter and continue counting. 

Timers A2, A3, and A4 transfer the contents of the reload 
register to the counter and continue count when bit 6 of the 
corresponding timer Ai mode register is “O”, but when bit 6 
is “1”, they continue counting without transferring the con- 
tents of the reload register to the counter. 

When bit 2 is “1”, the waveform reversing polarity is output 
from TAiogyurt pin each time the counter reaches 0000;, 
(decrement count) or FFFF,,¢ (increment count). If bit 2 is 
“0”, TAioyr pin can be used as a normal port pin. However, 
if bit 4 is “1” and the TAigyr pin is used as an output pin, 
the output from the pin changes the count direction. There- 
fore, bit 4 must be “O” unless the output from the TAioyr pin 
is not to be used to select the count direction. 

Data write and data read are performed in the same way as 
for timer. mode. That is, when data is written to timer Ai 
which is halted, it is also written to the reload register and 
the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time and continues counting. For timer 





Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


- Always “01” in event counter mode 
: No pulse output 
- Pulse output 


: Count at the falling edge of input 
signal 

: Count at the rising edge of input 
signal 

: Increment or decrement according 
to up/down flag 

: Increment or decrement according 
to TAigyr pin input signal level 

: Always “0” in event counter mode 


This bit is available for timers A2, A3, 
and A4. 


0 : Reload 
1 : No reload 
This bit is available for timer A3. 
0 : Two-phase pulse signal processing 
in the same manner as timer A2 


1 : Two-phase pulse signal processing 
in the same manner as timer A4 





Fig. 15 Timer Ai mode register bit configuration during 
event counter mode 


Address 
Up-down flag 4416 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 


disabled 
1 : Two-phase pulse signal processing 
mode 
Timer A3 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode | 
Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


Fig. 16 Up-down flag bit configuration 
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A2, A3, and A4, the contents of the reload register are not 
reloaded in the counter when bit 6 of the corresponding 
timer Ai mode register is “1”. The contents of the counter 
can be read at any time. | 

Furthermore, in event counter mode, whether to increment 
or decrement the counter can also be determined by sup- 
plying two-phase pulse input with phase shifted by 90° to 
timer A2, A3, or A4. There are two types of two-phase pulse 
processing operations. One uses timer A2 and the other 
uses timer A4. Timer A3 can select one of these two opera- 
tions with bit 7 of the timer A3 mode register. In either pro- 
cessing operation, two-phase pulse is input in the same 
way, that is, pulses out of phase by 90° are input at the 
TAjour (j = 2 to 4) pin and TAjyy pin. 

When timer A2 is used, as shown in Figure 17, the count is 
incremented when a rising edge is input to the TA2,, pin 
after the level of TA2oy7 pin changes from “L” to “H”, and 
when the falling edge is input, the count is decremented. 
For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4our pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4our pin and TA4,, pin. When a phase re- 
lated pulse with a falling edge input to the TA4oyz pin is in- 
put after the level of TA4,, pin changes from “H” to “L”, the 
count is decremented at the respective rising edge and 
falling edge of the TA4,, pin and TA4guz pin. 

When performing this two-phase pulse signal processing, 
timer Aj mode register bit 0 and bit 4 must be set to “1” 
and bits 1, 2, 3, and 5 must be set to “0” as shown in Figure 
19. 

Bit 7 is used to select whether to perform two-phase pulse 
signal processing for timer A3 in the same manner as timer 
A2 or as timer A4. When this bit is “0”, two-phase pulse 
signal processing for timer A3 is performed in the same 
manner as timer A2 and when it is “1”, it is performed in 
the same manner as timer A4. This bit is ignored for timer 
A2 and Aé4. 

Note that bits 5, 6, and 7 of the up-down flag (address 
44,,) are the two-phase pulse signal processing selection 
bit for timer A2, A3, and A4 respectively. 

Each timer operates in normal event counter mode when 
the corresponding bit is “O” and performs two-phase pulse 
signal processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


TA2out | | | | | | | | | | 


TA2in | | | | | | | | | | 


Increment Increment Increment Decrement Decrement Decrement 
count count count count count count 





Fig. 17 Two-phase pulse processing operation of timer 
A2 


TA4our | | | | | | | | | | 


-—----—_—— eee” -e——— rs ” 
Increment count at each edge Decrement count at each edge 


TA4in 
-_—-—-—-—~ woo” 
Decrement count at each edge 


-—— oa 
Increment count at each edge 





Fig. 18 Two-phase pulse processing operation of timer 
A4 


Addresses 
Timer A2 mode register 581. 
Timer A3 mode register 594.6 


Timer A4 mode register 5A4, 


0 1 : Always “01” in event counter mode 


0 100 : Always “0100” when processing 
two-phase pulse signal 
0 : Reload 
1 : No reload 


This bit is available for timer A3 


0 : Two-phase pulse signal processing 
in the same manner as timer A2 


: Two-phase pulse signal processing 
in the same manner as timer A4 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 
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(3) One-shot pulse mode (10) 
Figure 20 shows the bit configuration of the timer Ai mode 
register ‘during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “O” and bit 1 and bit 2 must 
be “1”. 
The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 
from the TAiy pin. Software trigger is selected when bit 4 
is “O” and the input signal from the on pin is used as the 
trigger when it is “1”. 
Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “0” and at the rise of the 
trigger signal when it is “1”. 
Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. | 
As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 000016, the TAigyy pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. 
When the counter reaches 0001;., The TAigut pin goes “L” 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 
1 
pulse frequency of the selected clock 
X(counter’s value at the time of trigger). 
If the count start flag is “O”, TAigy; goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. 
Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 








Undefined data is read when timer Ai is read. 


Addresses 
Timer AO mode register 56i6 


Timer A1 mode register 5716 
Timer A2 mode register 5846 
Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


: Always “10” in one-shot pulse mode 


: Always “1” in one-shot pulse mode 








: Software trigger 





1 0 : Trigger at the falling edge of TAin 
input 

1 1 : Trigger at the rising edge of TAiwn 
input 





0 : Always “0” in one-shot pulse mode 


Clock source selection 
00 : Select f, 

01 ° Select fig 

10 ° Select fe, — 


1 1 : Select fe12 


Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 


Address 
76543210 
One-shot start flag 4216 


Timer AO one-shot start flag 


Timer A1 one-shot start flag 


Timer A2 one-shot start flag 
Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Fig. 21 One-shot start flag bit configuration 
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Selected 
clock source fj 


TAiwn 

(in case of | | | 

the rising edge) 

TAiout | | | | 


Example when the contents of the reload register is 0003,, 





Fig. 22 Pulse output example when external rising edge is selected 


Selected 


clock source fj 


TAin 
(in case of | | | | 
the rising edge) 


TAiout | | 


Example when the contents of the reload register is 0004,, 





Fig. 23. Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11] 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. | 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiy pin (external 
trigger). 

The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAiour when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAijy pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 


determined by bit 3. The trigger is at the fall of the trigger . 


signal when bit 3 is “O” and at the rise when it is “1”. 

When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. 

Then when the timer Ai start flag is set to “1” and a soft- 
ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 
ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 

1 





selected clock frequency a 
and the output pulse period is 
1 
xX (2'°—1). 


selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 


The 8-bit length pulse width modulator is selected when. 


the timer Ai mode register bit 5 is “1”. 

The reload register and the counter are both divided into 8- 
bit halves. 

The low order 8 bits function as a prescaler and the high 


order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 00001. 


-as shown in Figure 26. At the same time, the contents of 


the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5746 
Timer A2 mode register 5846 
Timer A3 mode register 5946 


Timer A4.mode register 5Ai6 


. Always “11” in pulse width modulation 
mode 


- Always “1” in pulse width modulation 
mode 


: Software trigger 


1 0 * Trigger at the falling of TAijy input 


11 : Trigger at the rising of TAijy, input 


0 : 16 bit pulse width modulator 
1 : 8 bit pulse width modulator 


Clock source selection bit 
0 0 : Select f. 
01 : Select fig 
10 : Select fe, 


1 1 2 Select fs12 





Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration “H” of pulse is 
1 1 
a GT ESTER GAT EGE POY BT OPTDRCIS 1)X m. 
selected clock frequency x(n +1). selected clock frequency (n-F1)X m 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the 1 


, OO ®™ (rn +1) X (28-1). 
same as for 16-bit length pulse width modulator except that selected clock frequency 


1x21) 


| | 
Selected clock r- r- 
t i 
source fj j ! 
| | | 
TAin | | | | | | 
(in case of the | | 
| 


This trigger is not accepted 
rising edge) | 


| 
1/f|X (m) | 


Example when the contents of the reload register is 0003;, 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/t>X(n+1) X (28-1) 


Selected clock hI 
source fj i uJ 


TAin 


| | 

; 

I 

I 

| | 

(in case of the falling edge) | : 
Rekha oe Ny pe. Ce Cee. ee ee ee 

; 

| 

| 


| . 
al a 14)X (1) 


| 
Prescaler output | 


(when n =2) 


at 1X 1X) 


8-bit length pulse 
width modulator 
output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. | : 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “0” in timer mode. | 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection 
* Timer 
7 =o 


fig ON width measurement 
fe4 ——O 
fs12 ——O 

Polarity selection Event counter 


TBiin ()}-4 and edge pulse 2 
(i=0~2) generator 


* Pulse period measurement/pulse 


Count start flag 


(4016) 


As shown in Figure 13, the timer Bi.count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. —— 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


) }} P| (Higher 8 bits) 


Reload register(16) 





Addresses 
Timer BO 511g 5046 


Counter(16) 


Timer B1 5346 5216 
Timer B2 551, 5446 


Counter reset 


Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “OQ”. 
The input signal from the TBi,y pin is counted when the 
count start flag is “1” and counting is stopped when it is “O”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “0” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “0”, count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode (10) 
Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “O” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “0”. 
The pulse period measurement mode is selected when bit 
3 is “0”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBijy pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBijy pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 
After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 
When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 


counted from the fall of the TBijy pin input signal to the next 
rise or from the rise of the input signal to the next fall as 
shown in Figure 32. 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBijy pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 0000j.. 
This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to “1” at reset. 


Addresses 
Timer BO mode register 5Bi¢ 


Timer B1 mode register 5Ci.¢ 
Timer B2 mode register 5D, 


> Always “QO” in timer mode 


- Not used in timer mode and 
may be any 


: Always “0” in timer mode 
(timer BO) 


: Not used in timer mode 
(timers B1, B2) 
X : Not used in timer mode 


Clock source selection bit 
00 : Select f, 


01 : Select frig 
10 : Select fe, 


1] : Select f512 





Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


. Addresses 
Timer BO mode register 5B, 


Timer B1 mode register 5Ci¢ 


Timer B2 mode register 5D,, 


Q 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal 
: Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 
: Always “0” in event counter 
mode (timer BO) 


: Not used in event counter 
mode (timers B1, B2) 


XXX : Not used in event counter mode 





Fig. 29 Timer Bi mode register bit configuration during 
event counter mode 
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Addresses 
Timer BO mode register 5B, 


Timer B1 mode register 5Ci.¢ 


Timer B2 mode register 5D,.¢ 


10 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

- Count from the rising edge of 
input signal to the next rising one 

- Count from the falling edge of 

. input signal to the next rising one 
and from the rising edge to the 
next falling one 

- Always “0” in pulse period 
measurement/pulse width 
measurement mode (timer BO) 


- Not used in pulse period 
measurement/pulse width 
measurement mode 
(timers B1, B2) 

Timer Bi overflow flag 
Clock source selection bit 
00 : Select f. 

01 : Select fy, 

10 : Select fe, 

11 *: Select fs12 





Fig. 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 


Selected clock 
source fj 


Reload register~-Counter 


Counter+-0 


Count start flag 


Interrupt request signal 





Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the falling edge to 
next falling one) _ 
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Selected 
clock source fj 


Reload register+-Counter | | | | | | | | 


Counter+-0 | | | | | | | | 


Count start 
flag 


Interrupt 
request signal 





Fig. 32 Pulse width measurement mode operation 
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PULSE OUTPUT PORT MODE 

The M37710 can use several built-in timer As to output 
pulse motor drive waveform. This mode is described below. 
Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of 4-bit 
pulse output ports are used. There are three combinations 
of pulse output ports. When bit 0 of the waveform output 
selection bit in waveform output mode register (address 
62,6) shown in Figure 34 is set to “1” and bit 1 is set to “0”, 
RTP13, RTP12, RTP1,;, and RTP1g become pulse output 
ports. When bit 1 of waveform output selection bit in wave- 
form output mode register is set to “1” and bit 0 is set to 
“0”, RTPO3, RTPO2, RTPO,, and RTPO, become pulse output 


Pulse width modulation selection bit 
(Bit 4, 5 of 62,, address) 


Timer A3 pulse width modulation output 4 > 


Timer A1 pulse width modulation output 


Pulse output data register 1 
(64,, address) 


Pulse output data register 0 
(6516 address) 


Data bus Data bus 
(even) (odd) 


Fig. 33 Block diagram for pulse output port mode 
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ports. The ports not used as pulse output ports can be used 
as normal parallel ports or timer I/O pins. When bit 0 and 
bit 1 of pulse output selection bit are set to “1”, the two 
four-line sets RTP13, RTP12, RTP1,, and RTP1q and RTP0s, 
RTPOQ2, RTPO,, and RTPO, become pulse output ports. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. In addition, set bit 2 
of the corresponding timer Ai mode register to “1” when us- 
ing RTPQ , RTPO2, RTP1o, RTP12, and RTP13 as pulse out- 
put port because they are shared with TAioy; (i = 0 to 4) 
pins. Figure 35 shows the bit configuration of timer AO, A2 
mode registers in pulse output port mode. 


Waveform output control bit 1 
(Bit 7 of 62,¢, address) 


Reset > O 


Waveform output control bit 0 
(Bit 6 of 62,¢ address) 


Polarity selection bit 
(Bit 3 of 62,¢ address) 
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Data can be set in each bit of the pulse output data regis- 
ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. 

The contents of the pulse output data register 1 (low-order 
four bits of address 64,;,) corresponding to ports RTP13, 
RTP15, RTP1,, and RTP1p are output to the ports each time 
the counter of timer A2 becomes 0000,.¢. The contents of 
the pulse output data register 0 (low-order four bits of 
address 65;,) corresponding to ports RTPO3, RTPO., RTPO;, 
and RTPQp are output to the ports each time the counter of 
timer AO becomes 0000}. 

Each timer starts counting when the content of the corres- 
ponding timer count start flag (address 40,.) is set to “1” 
and stops counting when it is set to “0”. When “0” is written 
to a specified bit of the pulse output data register, “L” level 
is output to the corresponding pulse output port when the 
counter of corresponding timer becomes 0000,.¢, and when 
“1” is written, “H” level is output to the pulse output port. 
Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 00004.. 

Ports RTP13, RTP12, RTP1,, and RTP19 are applied pulse 
width modulation by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports RTPO3, RTPO2, RTPO,, and RTPQg are applied pulse 
width modulation by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

When outputting to pulse output ports RTPO3, RTPQo, 
RTPO,, and RTPQp, the output data can be reversed by the 
polarity selection bit (bit 3) of the waveform output mode 
register. When the polarity selection bit is “0”, the contents 
of the pulse output data register 0 is output unchanged. 
When the polarity selection bit is “1”, the reversed data of 
the contents of the pulse output data register 0 is output. 
When pulse width modulation is applied, likewise the polar- 
ity reverse to pulse width modulation can be selected by 
the polarity selection bit. Figure 37 shows example of 
waveforms in pulse output port mode. 

Ports selecting pulse output port mode can control the out- 
put of RTPO3, RTPO., RTPO,, and RTPO, with the waveform 
output control bit 0 (bit 6) and the output of RTP13, RTP 1a, 
RTP1,, and RTP1, with waveform output control bit 1 (bit 
7). When the waveform output control bit is set to “1”, 
waveform is output from the corresponding port. When it is 
set to “0”, the waveform output from the corresponding port 
is stopped and the port becomes floating. These bits can 
be cleared with an instruction and cleared by reset. 


Address 


Waveform output mode register 624, 


Waveform output selection bit 
0 0 : Parallel port 
0 1 : RTP13~RTP1, selected 
1 0 : RTPO3~RTPO, selected 
1 1: RTP13~RTP1,) and RTPO3~RTPO, 
selected 
0 : Always “0” 
(“O” at reset) 
Polarity selection bit 
(available for RTPO;~RTPO,) 
0 : Positive polarity 
1 : Negative polarity 
Pulse width modulation selection bit by 
timer A1 (available for RTP03~RTP0,) 
0 : Not modulated 
1 ° Modulated 
Pulse width modulation selection bit by 
timer A3_ (available for RTP1;~RTP1,) 
0 : Not modulated 
1 : Modulated 
Pulse output control bit 0 
0 : RTPO3~RTPO, waveform output 
_ inhibited 
1 : RTPO3~RTPO, waveform output 
enabled 
Pulse output control bit 1 
0 : RTP13~RTP1, waveform output 
inhibited 
1 : RTP13~RTP1, waveform output 
enabled 





Fig. 34 Waveform output mode register bit configuration 









Address 


[re AO mode register al 


Timer A2 mode register 5816 





100 : Always “100” in pulse 
output port mode 






X : Not used in pulse output 
port mode 






0 0 : Always “00” in pulse output 
port mode 





Clock source selection bit 





0 0 : Select f, 

01 : Select fig 
1 0 : Select fgg 
1 1 : Select fs,2 












Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 
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7654321 «0 Address 
Pulse output data registerO 65,, 


- RTPO, output data 
RTPO, output data 
RTPO, output data 
RTPO; output data 


Address 
Pulse output data register 1 644. 


RTP1, output data 

RTP1, output data 

RTP1. output data 

RTP1, output data 

0 : Always “0” in pulse output port mode 
X : Not used in pulse output port mode 
00 : Always “00” in pulse output port mode 





Fig. 36 Pulse output data register bit configuration 
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Output signal at each 
time when timer 
A2 becomes 0000. 


RTP1, 
(Port P69) 


RTP15 
( Port P56) 


RTP1, 
(Port P55) 


RTPig 
( Port P5,) 


Output signal at each 
time when timer 
A2 becomes 0000;. 


RTP13 
( Port P65) 


RTP1. 
( Port P56) 


RTP1, 
( Port P55 ) 


RTP1o 
( Port P5,) 


Output signal at each 
time when timer 

AO becomes 00004. 
RTPO3 

(Port P53) 


RTPO, 
(Port P5.) 


RTPO, 
(Port P5,) 


RTPO, 
(Port P5,) 





Example of pulse output port (RTP13, RTP12, RTP1,, RTP1) 


Pavee) | SRME Re eT Te ee: | CME RT: AeA | mene Ne! | [SMe cree) eeeeeeee? | aceon emer | 


i 
Soe rarer (I (OEE 


a 
Sen nee ere: |S 


Example of the above pulse output port when pulse width modulation is applied by timer A3. 


a a ee 


—JUUUUUUUUL 
UU 
ee ||| | | 
vite stivisnmstiiiesisteessamnsseesincaneensinesstil TA LIE 


Example of pulse output port (RTPO3, RTPO2, RTPO,, RTPO,) when pulse 
width modulation is applied by timer A1 with polarity selection bit=“1” 
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Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

Two independent serial |/O ports are provided. Figure 38 
shows a block diagram of the serial |/O ports. | 
Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive 
-mode register shown in Figure 39 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial 1/O port, or asynchronous (UART) serial I/O port us- 


1/16 Divider 
Bit rate 
generator 


UART0(31;.) 
UART1(39,.) 
Internal 


1/(n-+1) ivi 
1/2 Divider 


Clock synchronous 
(Internal clock) 
€ 


Clock source selection 
fg ——o 


1/16 Divider 


fig —O 
fea ~o 


f512—o 


External 


CLKi C ) 


CTSi/RTSi 


Fig. 38 Serial I/O port block diagram 


UART receive 


Clock synchronous -o 


Clock synchronous -< 
Clock synchronous 
(Internal clock) 

© 





ing start and stop bits. 

Figures 40 and 41 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 42 shows the bit configuration of the UARTIi transmit/ 
receive control register. 

Each communication method is described below. 


Data bus(odd) 


(even) 
0/0/1010] 0101] 0 |DsiD7|D6|Ds|D4}D3|D2/D,]Do] Receive buffer register 


UARTO0(371¢, 3616) 
UART1(3F 16, 3E;¢) 


Receive register 


Receive clock 


= Data bus 
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control 
circuit 


UART transmission 


Transmission}; Eransmission clock 
~tontrol circui 
Transmission register 


TxDj 


O 
Clock synchronous 


(External clock) de we 
Transmission 


buffer register 
4 UART0( 3316, 3216) 
| UART1(3Bi6, 3Ai6) 


CAEHCACHOACHDALACS 


Data bus |. 
(odd) 2 





Data bus(even 


Addresses 


765 432 1 


UART 1 Transmit/Receive mode register 
erial communication method selection bit 


: Clock synchronous 
7-bit UART 

: 8-bit UART 

110 : 9-bit UART 


Internal clock/External clock selection bit 
0 : Internal clock 
1 : External clock 
Stop bit length selection bit 
0 : 1 stop bit 
1: 2 stop bits 
Even/Odd parity selection bit 
0 :-Odd parity 
1 : Even parity 
Parity enable selection bit 
0 : No parity 
1: With parity 
Sleep selection bit 
0 : No sleep 
1 : Sleep 


: Parallel port 


0 hee 0 Transmit/Receive mode register 
S 
0 
0 
1 
| 


0 
0 
0 
0 





3016 
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Fig. 39 UART i Transmit/Receive mode register bit configuration 
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Fig. 40 Receiver block diagram 
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Fig. 41 Transmitter block diagram 


Addresses 
eee 0 Transmit/Receive control register 0 3446 ). 


UART 1 Transmit/Receive control register 0 3Ci6 


Clock source selection bit 
00 : Select f, 


01 : Select fis 
10 : Select fe4 
11 : Select fs;. 


CSo 


CTS, RTS selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


CTS, RTS enable bit 
0 : Enable CTS, RTS 


1 ! Disable CTS, RTS 
Addresses 


UART 0 Transmit/Receive control register 1 35:6 
re 1 Transmit/Receive control register 1 3Di¢6 
Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
— Receive completion flag 


Eiieied “falta 








_________———- Overrun error flag 
Framing error flag 
Parity error flag 

(ae Ss Error sum flag 


Fig. 42 UARTI Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit 0 of the UART] transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to “O” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CS) and bit 1 
(CS,) of the clock sending side UART] transmit/receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ | (n +1) x2} 


On the clock receiving side, the CS, and CS, bits of the 
UARTK transmit/receive control register are ignored be- 
cause an external clock is selected. 
The bit 2 of the clock sending side UART] transmit/receive 
control register 0 is cleared to “O” to select CTSj input. The 
bit 2 of the clock receiving side is set to “1” to select RTS, 
output. 

Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive contro! register 0. Set bit 
4 to “0” when CTS and RTS signals are used, and to “1” 
when they are not used. 

When CTS and RTS signals are not used, the CTS/RTS pin 
can be used as normal port. The following describes the 
case when the CTS and RTS signals are used. If CTS and 
RTS signals are not used, the CTS; input condition is un- 
necessary and there is no RTS output. 








Transmission 

Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 (TIj flag) of 
one is “0”, and CTSj input is “L”. As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 





When the transmission register becomes empty after the - 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tij flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 
mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 44 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. 








Receive 

Receive starts when the bit 2 (REk flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 

The RTS output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTS output is “L”. 

The data from the RxD pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rk 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rlk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTS} output goes “L” to indicate that the next 
data can be received. When the Rlk flag changes from “0” 
to “1”, the interrupt request bit in the UART, receive inter- 
rupt control register is set to “1”. Bit 4 (OERk flag) of 
UARTk transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Ri, flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REx flag is 
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cleared. Bit 5 (FERk flag), bit 6 (PERK flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 38, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 


UARTj transmission register 
UART; transmission 
buffer register 


UARTj receive buffer register 


UART| receive register 


UARTj] Transmit/Receive mode register 
jo] x|x[xfofofofi 


UART; Transmit/Receive control 
register 0 


STE ES 


UART} Transmit/Receive control 
register | 


Fig. 43. Clock synchronous serial communication 
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Transmission 
clock 


TE; 


Thy 
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Write in transmission buffer register 
CTS; 


ap —fe- 1/f1X (n +1) X2 


CLK; 


Fig. 44 Clock synchronous serial 1/O timing 
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is Operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UART}j. 


' UART, transmission register 


UART, transmission buffer register 


UART receive buffer register 


UART, receive register 


UARTk Transmit/Receive mode register 


oi x{x] xi fo fol) 


UART, Transmit/Receive control 
register 0 


KER ED EE 


UART, Transmit/Receive control 
register | 
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Stopped because TEj= “0” 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTI 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 


clock. If bit 3 is “O”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS) and bit 1 (CS,) of UARTi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKi pin can be used as a 
normal I/O pin. 










—>| he (1/f, or 1/fexr) X (n-+1) X16 





Transmission clock. 


TEj 










oe Write in transmission buffer regisger 
CTSj 





Tenpi 


Start bit 


TXEPTY; 





Tij 1 «a 


Transmission register +-Transmission 


Parity bit Stop bit 
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Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


The selected internal or external clock is divided by (n+1), 


‘then by: 16, and passed through a control circuit to create 


the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(fj or fexr)/{ (n+1) X16 } 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 






buffer register 





Stopped because TEj= “0” 
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Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 








2—150 


| ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37710S4BFP 


16-BIT CMOS MICROCOMPUTER 





Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger 0 bit 2 is used 
to determine whether to use CTS; input or RTS; output. 
CTS} input is used if bit 2 is “O” and RTSj output is used if 
bit 2 is “1”. 

if CTSj input is selected, the user can control whether to 
stop or start transmission by external CTSj input. 

Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive control register 0. Set bit 
4 to “0” when CTS and RTS signals are used, and to “1” 
when they are not used. | 
When CTS and RTS signals are not used, the CTS/RTS pin 
can be used as normal port. The following describes the 
case when the CTS and RTS signals are used. If CTS and 
RTS signals are not used, the CTS; input condition is un- 
necessary and there is no RTS; output. 





Transmission 

Transmission is started when the bit 0 (TEi flag) of UART; 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “O”, and CTSj input is “L” if CTS; input is selected. As 
shown in Figure 45 and 46, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UART{ transmit/receive mode register. The data is output 
from the least significant bit. 

The Tlj flag indicates whether the transmission butter is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 





When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, Tlj flag, and 
CTS; signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TE; flag, Tj 
flag, and CTS; is checked while the Tenpi signal shown in 
Figure 45 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpi signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj] transmissoin interrupt control regis- 
ter is set to “1”. 





Receive 

Receive is enabled when the bit 2 (REj flag) of UART| 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 


forex FUILIUIUIULILLLULIUU LLU LULL 
RE; | 


RxDj 


Receive 
Clock 


Starting at the falling 
edge of start bit 


Rij 


RTSj 





Stop bit Start bit 


Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTS; output is selected by setting the bit 2 of UARTj 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “0”. When the REj flag changes to 
“1”, the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj{ transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTS; output is selected, RTS; 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UART;] receive interrupt 
control register is set when the RIj flag changes from “0” to 
wye . 

The bit 4 (OER; flag) of UART; transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER;j flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 

Bit 5 (FER; flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PERj flag) is set when a parity error occurs. 

Bit 7 (SUM; flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the RIj flag, OERj flag, FER; flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OER}, FER;, PERj, and SUM; flags are cleared when the 
low order byte of the receive buffer register is read or 
when the Rj flag is cleared. 





Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. © 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rij, OER], FERj, PERj, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UART}j receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit-7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 

The A-D converter is a 10-bit successive approximation 
converter. 

Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the configuration of the A-D control regis- 
ter 0 (address 1E,,) and A-D control register 1 (address 
1F 16). 

The frequency of the A-D converter operating clock ¢,p is 
selected by bit 7 of the A-D control register 0. When bit 7 
is “O”, Pap is the clock frequency divided by 8. That is, dap 
=f(X,y)/8. When bit 7 is “1”, dap is the clock frequency di- 
vided by 4 and ¢ap=f( Xin) /4. 

The ¢,p during A-D conversion must be 250KHz minimum 
because the comparator consists of a capacity coupling 
amplifier. 

Bit 3 of A-D control register 1 is used to select whether to 
use the conversion result as 10 bits or as 8 bits. The con- 
version result is used as 10 bits when bit 3 is “1” and as 8 
bits when bit 3 is “O”. 


When the conversion result is used as 10 bits, the low- 
order 8 bits of the conversion result is stored in the even 
address of the corresponding A-D register and the high- 
order two bits are stored in bits 0 and 1 of the odd address 
of the corresponding A-D register. Bits 2 to 7 of the A-D 
register odd address return “000000.” when read. 

When the conversion result is used as 8 bits, the high-order 
8 bits of the 10-bit A-D conversion are stored in even 
address of the corresponding A-D register. In this case, the 
A-D register odd address returns “00;,” when read. 

The operating mode is selected by the bits 3 and 4 of A-D 
control register 0 and bits 1 and 2 of A-D control register 1. 
The available operating modes are one-shot, repeat, single 
sweep, repeat sweep 0, and repeat sweep 1. 

The bit of data direction register bit corresponding to the 
A-D converter pin must be “0” (input mode) because the 
analog input port is shared with port P7. 

The operation of each mode is described below. 


A-D conversion speed selection 


V 
ner O Ladder network 


Successive approximation register 


Address 


A-D register 0 (2146)|A-D register 0 (20;6 


D 
A-D register 1 (2346) | A-D register 1 (2216 
7 j ( 


A-D register 2 (25,6)| A-D register 2 (2446 


A-D register 3 (27;5)| A-D register 3 (264,) 


A-D register 5 (2Ai6) 


Daa ue (a 


ANo O 
AN, O 
AN2 O 
AN3 O 
AN, O 
AN; O 
AN, O 
AN?/ADrRe O 


Fig. 48 A-D converter block diagram 
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(1) One-shot mode 

One-shot mode is selected when bits 3 and 4 of A-D con- 
trol register 0 are “O” and bit 2 of A-D control register 1 is 
“0”. The A-D conversion pins are selected with bits 0 to 2 
of A-D control register 0. A-D conversion can be started by 
a software trigger or by an external trigger. 

A software trigger is selected when bit 5 of A-D control 
register 0 is “O” and an external trigger is selected when it 
is “1”. When a software trigger is selected, A-D conversion 
is started when bit 6 (A-D conversion start flag) is set. 
When bit 3 of A-D control register 1 is “1”, A-D conversion 
ends after 59 ¢,p cycles and an interrupt request bit of the 
A-D conversion interrupt control register is set. At the same 
time, A-D control register 0 bit 6 (A-D conversion start flag) 
is cleared and A-D conversion stops. The result of A-D 
conversion is stored in the A-D register corresponding to 
the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADypg in- 


Address 


A-D control register0 1Ei¢ 


Analog input selection bit 
000 : Select ANo 
001 : Select AN, 
010 : Select AN2 

1 1 : Select AN; 

0 : Select AN, 

1 : Select AN; 

0 : Select AN, 

1 | Select AN, 


A-D operation mode selection bit 0 
0 0 : One-shot mode 


0 1 : Repeat mode 
1 0 : Single sweep mode 
1 1 : Repeat sweep mode 0 
Repeat sweep mode 1 
Trigger selection bit 
0 : Software trigger 
1 : ADrao input trigger 
A-D conversion start flag 
0 : Stop A-D conversion 


0 
1 
1 
1 
1 


0 
0 
1 
d 


1 : Start A-D conversion 
Frequency selection flag 


0 : Select f(Xin)/ 8 
1 : Select f(Xin)/ 4 


Fig. 49 A-D control register bit configuration 





put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANy to AN, because the 
ADrre pin is shared with the analog voltage input pin ANz. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode 

Repeat mode is selected when bit 3 of A-D control register 
0 is “1”, bit 4 is “O” and bit 2 of A-D control register 1 is “0”. 
The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. 

No interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. 

The contents of the A-D register can be read at any time. 


Address 
A-D control register 1 1F4., 


A-D sweep pin selection bit 
When single sweep or repeat sweep 
mode 0 is selected | 
0 0 : ANo, AN, 
0 1 : ANo~AN3 
10 :ANo~ANS (6 pins) 
11° ANo~AN7 = (8 pins) 
When repeat sweep mode 1 is selected | 
00 : ANo (1 pin) 
0 1 : ANo, AN, (2 pins) 
10: ANo~AN, (3 pins) 
11 2 ANo~AN3 = (4 pins) 
A-D operation mode selection bit 1 
Q : Other than repeat sweep mode 1 
1 : Repeat sweep mode 1 
8/10-bit mode selection bit 
0 : 8-bit mode 
1 : 10-bit mode 
0 : Always “0” 
Not used for A-D converter 


(2 pins) 
(4 pins) 
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(3) Single sweep mode 

Single sweep mode is selected when bit 3 of A-D control 
register 0 is “O”, bit 4 is “1” and bit 2 of A-D control register 
1 is “O”. 

In the single sweep mode, the number of analog input pins 
to be swept can be selected. Analog input pins are 
selected by bits 1 and O of the A-D control register 1 
(address 1F,,). Two pins, four pins, six pins, or eight pins 
can be selected as analog input pins, depending on the 
contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. 

When a software trigger is selected, A-D conversion is 
started when A-D control register 0 bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit of the A-D conversion interrupt 
control register is set. At the same time, A-D conversion 
start flag is cleared and A-D conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADrpg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result which is stored in the A-D register 7 becomes 
invalid because the ADrac pin is shared with ANZ pin. 

The operation by external trigger is the same as that done 
by software trigger except that the A-D conversion start 
flag is not cleared after A-D conversion and a retrigger can 
be available during A-D conversion. 

(4) Repeat sweep mode 0 

Repeat sweep mode 0 is selected when bit 3 of A-D con- 
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control 
register 1 is “O”. 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANo pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 

(5) Repeat sweep mode 1 

Repeat sweep mode 1 is selected when bit 3 of A-D con- 
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control 
register 1 is “1”. : 

The difference with the repeat sweep mode 0 is that A-D 
conversion of one unselected pin is performed and A-D 
conversion is repeated once again from ANog pin after A-D 
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conversion of selected pins is performed in sequence from 
ANo pin. The number of analog input pins to be swept is 
also different. 

The analog input pins for repeat sweep are selected with 
bits 1 and 0 of A-D control register 1. The contents of these 
pins are used to select one pin, two pins, three pins, or four 
pins. 

The unselected pins are converted in sequence after the 
conversion of pins selected as repeat sweep pins. No inter- 
rupt request is generated. Furthermore, if software trigger 
is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 
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D-A CONVERTER 

The D-A converter is an 8-bit R-2R method D-A converter. 
Two independent D-A converters are built in. Figure 50 
shows the block diagram of the D-A converter and Figure 
51 shows the bit configuration of A-D control register 1. 

D-A conversion is performed by writing a value in the cor- 
responding D-A register. The conversion result is output by 
bits 6 and 7 of A-D control register 1 (address 1F,.). When 
bit 7 is “1”, the conversion result is output from DApo pin. 
When bit 6 is “1”, the conversion result is output from DA, 
pin. | 

The output analog voltage V is determined from the value n 
(decimal) set in the D-A register. 


V = Vrer xX n/256 (n = 0 to 255) 
| Vrer : Reference voltage 


The D-A output enable bit is cleared to “O” at reset. An ex- 
ternal buffer should be connected when connecting to a 
low impedance load because there is no built-in D-A output 
buffer. 


D-A register 0 


Toto) 


R-2R ladder network 


D-Ao output 
enable bit 





Fig. 50 D-Aconverter block diagram 





Address 


Not used for D-A converter 
=== T)-A, output enable bit 


0 : Disable output 
1 : Enable output 
D-Ag output enable bit 
0 : Disable output 
_ 1 + Enable output 


Fig. 51 A-D control register 1 bit configuration 


D-A register 1 


CPL 


R-2R ladder network 


D-A, output 
enable bit 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 52 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (f32) or by 512 (f542). Whether to count fgo or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 53. f5;2 is selected when the flag is “O” and 
fzo is selected when it is “1”. The flag is cleared after reset. 
FFF,, is set in the watchdog timer when “L” or 2°Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fz. or fs;2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register 0 described in Figure 
10 in the interrupt section and generating. 


¢ MITSUBISHI 
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Watchdog timer . 
frequency selection (connection forced to f32 during 
STP instruction execution) 


Watchdog timer 


STP instruction 


Address 
Watchdog timer 61, 
frequency selection 


0. Select te es 


1: Select t,. 


Fig. 53 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by 
setting the address pins Az3~ Aig to 0046, Ais ~~ Ag to the 
contents of address FFFF1., and A7~ Aj to the contents of 
address FFFE4.. 

Figure 54 shows the status of the internal registers when a 
reset occurs. 

Figure 55 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. 





M37710S4BFP 





Fig. 55 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


Address Address 


Watchdog timer (6016)°"° EB FFFi¢ ; 


DX 0] 


Waveform output mode register at | 0016 





Port P4 data direction register  (0Ci,¢)-°: 0016 








Port P5 data direction register (ODy6)"|  -- 0046 Watchdog timer frequency selection flag (6146) -*- 








Port P6 data direction register (1046)°° 0046 








Port P7 data direction register (1146)°°° Reserved area (Do not write to this address) nee 0046 


Port P8 data direction register 
A-D control register 0 

A-D control register 1 

UART 0 Transmit/Receive mode register 
UART 1 Transmit/Receive mode register 
UART 0 Transmit/Receive control register 0 
UART 1 Transmit/Receive control register 0 
UART 0 Transmit/Receive control register 1 
UART 1 Transmit/Receive control register 1 
Count start flag 

One-shot start flag 

Up-down flag 

Timer AO mode register 

Timer A1 mode register 

Timer A2 mode register 

Timer A3 mode register 


Timer A4 mode register 


(1446) 
(1Ei6)-° 
(1Fig)** 
(3016)°*° 
(3846)°*° 
(3416) 
(3Ci6)-*° 
(3546)°"° 


(3Di¢)°°° 


. 


(4016)-° 
(4246)° 
(4446)-- 
(56,¢)"" 
(5746)°"° 
(5816) 
(5946)°"° 
(5Aig) °° 


0016 


9j0}o}ojo/2]2)2 
9)X\0}0/0}1] 


0046 


XM 9/110} 0] 
XY 9|1 | 0} 0) 
9fofofajo}1| 
9}0]0/o}0}0|4| 


X9]9]0]0]0 


a 
Le [Le jlo |e | 


DS 


0016 


0016 


A-D conversion interrupt control register 
UART 0 transmission interrupt contol register 
UART 0 receive interrupt control register 
UART 1 transmission interrupt control register 
UART 1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
Timer B1 interrupt control register 


Timer B2 interrupt control register 


INT 9 interrupt control register 


INT , interrupt control register 


INT » interrupt control register 


Processor status register PS 


DXxX)X] 0] 0] of 0 
DOD 9] 0 [0/0] 
~ XK] 0/0) 





X49] 0] 0] 0 
X99] 0]0 


XX 0] ol 0/0 








3005 
3000 














a c0000 
S000 
XXDXo1 00 
a0o0M0000 
XXX 


“KX lo] 0 















































}ojolol2|2[ololof1{2]2| 
'o]1]0|0/0] 0) 48) Program bank register PG 0016 








Timer BO mode register (5Big)** 


Timer B1 mode register (5Ci6)°*° o|1]X{o] 0} 0| (49) Program counter PC, 
Xolo]o]o i 

fo} 0] 1)X} 0] 0] 50) Program counter PC, Content of FFFE,, 

X/0] 0/0] 0/0] 1] 61) Direct page register DPR 0000, 


XXX 52) Data bank register DT . 00,6 








a Content of FFFF,, 








Timer B2 mode register (5Di6) °° 








. Processor mode register 0 (5Ey6)°*" 








SZ 
Ee 


Processor mode register 1  (5Fig) 


|e ee 





Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 





Fig. 54 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P8 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figures 56 and 57 show block diagrams of ports P8 to P4 
and the E pin output. 

In evaluation chip mode, ports P4 is also used as control 
signal pin. 

Refer to the section on processor modes for more details. 
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¢ Port P4,~P4, (Inside dotted-line not included) 
Port P47, P57, P6,~P67, P82, P8, (Inside dotted-line included) 


S Data direction register ; 










Data bus 


* Port P7p>~P7, (Inside dotted-line not included) 


* Port P77 (Inside dotted-line included) 


—— 
. Port latch } 





Data bus 








* Port P83, P8, (Inside dotted-line not included) 


Port P5p~P56, P69 (Inside dotted-line included) 


Saas 
- Port latch 





Data bus 







Fig. 56 Block diagram for ports P8 to P4 and the E pin output (1) 
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* Port P8>, P8, 











. bag 99 
Data direction register 
ae ttn) 


: Port latch i 
i. 4 
e' 
<q 


Data bus 








Analog output —o-% 
D-A output enable 


* Port P8,, P85 










: Port latch } 
ae: 
C 


Data bus 


bq 99 
eS Data direction | wees 





° 
m| 


Fig. 57 Block diagram for ports P8 to P4 and E pin output (2) 
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PROCESSOR MODE 

The bit 0 of processor mode register 0 as shown in Figure 
58 is used to select which mode of micreprocessot mode, 
and evaluation chip mode. 

Figure 59 shows the functions of Ag to A7 pins, Ag/Dg to Ao3/ 
D, pins, and ports P4 in each mode. 

The external memory area also changes when the mode 
changes. 

Figure 60 shows the memory map for each mode. 

The accessing of the external memory is affected by the 
BYTE pin, the bit 2 (wait bit) of processor mode register 0, 
and bit 0 (wait selection bit) of processor mode register 1. 
These will be described next. 


4: 3° 2 


Address 
a Processor mode register 0 5E x 


Processor mode bit 
0: Microprocessor mode 
1 : Evaluation chip mode 
This bit must be “0” 
(becomes “1” after reset release) 
Wait bit 
0 : Wait 
1 : No Wait 


Software reset bit 


Reset occurs when this bit is set to “1” 


eBYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and Ay¢6/Dpo to Az3/D7 pins become the data I/O pins. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and both Aj¢g/Do to Az3/D7 pins and As/Dg to Aj5/ 
D,5 pins become the data I/O pins. 

When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 

An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2-Voc. In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 


¥0 
7 6 5 4 3 2 sea 


Processor mode register 1 5F i, 


Wait selection bit 
0 : Wait 0 
1 : Wait 1 


Interrup priority resolusion time selection bit 


00 : Select 1/f( Xin) X14 
0 1 : Select 1/f( Xi) X 8 
10 : Select 1/f( Xin) X 4 
Test mode bit 

This bit must be “0” 


Fig. 58 Processor mode register bit configulation 
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Microprocessor Mode Evaluation Chip Mode 











Same as left 


Address A7~Ao 


A,/D 
‘a ze 


Ais/D45 


BYTE=“L” Same as left 







As/Dg 








E ee ee 
As/Ds 

{ Address Ais ~~ Ag 
Ais/Di5 


Ais/ Dis 









Ports P4, P5 and their direction regis- 
ters are treated as 16-bit wide bus. 





Azz ~ Ai6 
even 






BYTE = “L” Same as left 


; ees eee ae 
Azz ~ Ars 





BYTE = “H” 


5 Dat mie Data 
ata 
Az3/D7 rere (even, odd) 


Same as Ag/Dg to Ays5/Di5 


mi 


Port P4 


P4, 
§ 1/O Port 
P4, : 





Fig. 59 Processor mode and Ag to A; pins, Ag/Dg to Az3/D7 pins and port P4 functions 
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eWait bit 

As shown in Figure 61, when the external memory area is 
accessed with the processor mode register 0 (address 
5E.¢) bit 2 (wait bit) cleared to “0”, the access time can be 
extended compared with no wait (the wait bit is “1”). 

The access time is extended in two ways and this is 
selected with bit 0 (wait selection bit) of processor mode 
register 1 (address 5F4.). 

When this bit is “1”, the access time is 1.5 times compared 
to that for no wait. When this bit is “O”, the access time is 
twice compared to that for no wait. 

At reset the wait bit is “O” and bit 0 of processor mode reg- 
ister 1 is “O”. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Evaluation 
chip mode 


Microprocessor 


FFFFFF 46 


The shaded area is the external memory area. 





Fig.60 External memory area for each processor mode 


internal clock¢é 
Address Data Address Data 


Ai/Dj 
Wait bit “1” E 


Nee ae 
Sree 9 ieee | ee 


~-——_——>| 
Access term 


Address Data Address Data 


Wait bit “O” 
(wait 1) 


j<—____—_______—_» 
Access term 


(hares Xba XAasross_.) 


aces eevee (a (ee 
mes igs ene sere! a Nees 


Access term 


Wait bit “0” 
(wait 0) 





Fig.61 Relationship between wait bit, wait selection bit, 


and access time 


(1) Microprocessor mode [10) 


Microprocessor mode is entered by connecting the CNVsgs 
pin to Veco and starting from reset. 

Ao to A7 pins become address output pins. 

Ag/Dg to Ais/Di5 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is “L”, Ag/Dg to A;5/D;5 pins func- 
tion as an address output pin while E is “H” and as an odd 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level “H”, Ag/Dg to A;s5/D 15 pins func- 
tion as an address output pin. 

Ai6/Do to Az3/D7 pins have two functions depending on the 


— level of the BYTE pin. 


When the BYTE pin level is “L”, Ajg/Dop to Az3/D7 pins func- 
tion as an address output pin while E is “H” and as an even 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. | 
When the BYTE pin level is “H”, A;g/Do to Az3/D7 pins func- 
tion as an address output pin while E is “H” and as an even 
and odd address data |/O pin while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
ae | 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Aj is “L” and BHE is 
a Ber 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 

¢, outputs Xiy clock divided by 2. 

HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 





HOLD is a hold request signal. It is an input signal used to - 





put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ag to A7 pins, Ag/Dg to 
Ao3/D7 pins, R/W pin, and BHE pin are floating while the 
microcomputer stays in hold state. These pins are floating 
after one cycle of the internal clock ¢ later than HLDA sig- 
nal changes to “L” level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of ¢ later than HLDA signal changes to “H” level. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢ stops at “L”. However, ¢, output from clock ¢, out- 
put pin does not stop. RDY is used when slow external 
memory is attached. 

(2) Evaluation chip mode (11) 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

As/Dg to Ajs5/D15 pins function as address output pins while 
E is “H” and as data I/O pin of odd addresses while E is 
“L” regardless of the BYTE pin level. However, if an inter- 
nal memory is read, external data is ignored while E is “L”. 
Ai¢6/Do to Az3/D7 pins function as address output pins while 
E is “H” and as data I/O pin of even addresses while E is 
“L” when the BYTE pin level is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H” or 2:Voc, port P2 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
ia ae 

Port P4 and its data direction register which are located at 
address OAig and OCi. are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

Ports P4; to P4g become MX, QCL, VDA, and VPA output 
pins respectively. Port P4, becomes the DBC input pin. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 








data buffer. It also becomes “H” when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVsg pin in- 
put levels and processor modes. 





Table 5. Relationship between the CNVsg pin input 
levels and processor modes 


[ones [Mode —«t~SCSCS*Cé serpin dr 


¢ Microprocessor Microprocessor mode _ upon 

¢ Evaluation chip Starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


¢ Evaluation chip Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 

Figure 62 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFi6 is 
written to watchdog timer and the watchdog timer input 
connection is forced to fg2. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢ remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. | 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 63 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 64 shows an example of 
using an external clock signal. 


Interrupt request 


STP instruction 


Internal clock ¢ 


Fig. 62 Block diagram of a clock generator 











M37710S4BFP 


Fig. 63 Circuit using a ceramic resonator 


M37710S4BFP 


External clock source 


Watchdog 
timer 
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ADDRESSING MODES 

The M37710S4BFP has 28 powerful addressing modes. Re- 
fer to the MELPS 7700 addressing mode description for the 
details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37710S4BFP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 
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ABSOLUTE MAXIMUM RATINGS | 


A V 
V 
V 
V 













Pv, | input voltage RESET, CNVos, BYTE a ES 
P89~P87, Vrer; Xin, HOLD, RDY 


a eine EL a 
Output voltage Ao™Ayz, As/Dg~Ao3/Dz, 
P43~P47, P5p~P57, P69~P67, P7o~P77, —0. 3~Voecot0. 3 
P8)~P87, Xour, E, #1, HLDA, ALE, BHE, R/W 
Pa | | mw _| 








P4,~ P47, P5o~ P57, P69~ P67, P79~ P77, 


—0. 3~Voect0. 3 











Vcc 
\ 

V 

Vo 











Power dissipation =25C mw 
Topr | Operating temperature Ee ee 


V 
—40~150 





RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—20~85°, unless otherwise noted) 


| | 
Parameter Unit 


T 
High-level input voltage P4,~P47, P59~P57, P69~P6z, 
P7o~P77, P89~P87, Xin, RESET, 
CNVsgs, BYTE, HOLD, RDY 


High-level input voltage Ag/Dg~Az3/D7 0. 5Vcc 


Low-level input voltage P43~P47, P59~P57, P69~ P67, 
Vit P7)~P77, P89~P87, Xin, RESET, 
a CNVss, BYTE, HOLD, RDY 
High-level peak output current Ap~A7, Ag/Dg~Az3/D7, 
loH(peak) 





















< 


= 
90 |O/|? 


Ve 








Q 
QO 





Vv 


j=) 
2 . 
0 oO 
.@) 


0. 16Vec 


P43~P47, P5o~P57, P69~P6z, 
P79~P77,P8o~P87, 41, 
HLDA, ALE, BHE, R/W 


High-level average output current Ag~A7, Ag/Dg~Az23/D7, 
lon( avg) P43~P47, P5o~P57, P6o~P67, 
P7o~ P77,P89~ P8,, ) 1 
HLDA, ALE, BHE, R/W 
Low-level peak output current Ag~A7, Ag/Dg~Ao3/D7, 
low peak) P43~ P47, P5o~ P57, P69~ P67, 
P7o~ P77,P89~ P87, o4, 
HLDA, ALE, BHE, R/W_ 


Low-level average output current Ag~A7, Ag/Dg~Az3/D7, 
P4g~P4, P5o~ Pz, P69~P67, 
P79~P77,P89~P8,, $1, 
HLDA, ALE, BHE, R/W 


3 
> 


3 
> 





o 
| Ne) < < on 
(@) a 
3 a < 9 if 
QO 














lovvavg) 






(Xin) 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo. (peak) for ports Ay~ Az, Ag/Da~ Aza/D7, HLDA, ALE, BHE, R/W, and P8 must be 
80mA or less, the sum of lon(peak) for ports Ag~Az7, As/Dg~Az3/D7, HLDA, ALE, BHE, R/W, and P8 
must be 80mA or less, the sum of lo.(peak) for ports P4, P5, P6, P7, ¢; must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, P7, ¢, must be 80mA or less. 


b ps! 
ol oO ro) 
ED 
> 





External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 


Parameter 


High-level output voltage Ag~Az, Ag/Dg~Ao3/D7, 
P43,~P4,, P59~ P57, P69~ P67, 
P79~P77, P89~P8,, 
¢1, HLDA, BHE, R/W 

















lon=—400 uA 
Low-level output voltage Ap~A7, As/Dg~Az3/D7, 
P43,~ P4,, P5o~ P57, P69~ P67, 
P7o~P77, P89~ P8,, 
¢1, HLDA, BHE, R/W 
Low-level output voltage Ap~A7, Ag/Dg~Ao3/Dz, 
¢1, HLDA, BHE, R/W 


loc=1 OmA 


lop=1 OmA 
lop =2mA ; 
loc=1 OmA 











INTo~INTo, ADtrea; CTSo, CTS), CLKo, CLK, 


Hysteresis RESET : 
Hysteresis Xin 


High-level input current Ag/Dg~Az23/D7, 
iF P43~P4,, P5o~P5z, P69~PG,, 

P79~P77, P89~ P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 

Low-level input current Ag/Dg~Ao3/D7, 
P43~ P4,, P5o~ P57, P69~ P67, 
P79~P77, P89~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 


f(Xiw) =25MHz, 
Ta=25C when clock 
is stopped. 


Ta=85°C when clock 
is stopped. 








V,=0V 








Output only pin is . 
Power supply current open and other pins 
are Vss during reset. 
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A-D CONVERTER CHARACTERISTICS (Voc=AVec=5V, Vss=AVss=0V, Ta=25, {(X\y)=25MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


Tf Resoution SS SS™S™~ eS SSCSC=*” 
| | Absolute accuracy . Vrer=Vocc 

Pteony | Cowesintime ss C—“—~iSC“‘(SSSC~*” 
5 | ___- nn Saaieeeaaa tenon 
Analog input voltage 


Resolution 


Reference power input current (Note) 


Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “001,”. 
- Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 
External clock input 


Symbol Parameter 


fete. External clock input cycle time P40 | 
External clock input high-level pulse width 
External clock input low-level pulse width 





tc 
te | External clock rise time 
te External clock fall time 











Microprocessor mode 


Symbol Parameter 


Data high-order input setup time 
Data low-order input setup time 
Port P4 input setup time 
¢ 

























i 


ony) or Wi Ww 









HOLD input hold time 











oe tS an 
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Timer A input (Count input in event counter mode) | | 


TAiy input cycle time 80 
TAiy input high-level! pulse width 40 


TAiyy input low-level pulse width | 40 | 

















Timer A input (Gating input in timer mode) 


ympdo arameter Min. 


TAi input cycle time | . ot 320 | | 
TAi input high-level pulse width | 160 | 
TAiy input low-level pulse width | 160 | 
















Timer A input (External trigger input in one-shot pulse mode) 


in. | Max 
Mean | Twnputeysetme 60 
are 






TAin input high-level pulse width 
TAi input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


| 
Symbol Parameter Unit 


TAi input high-level pulse width Etro Ie ee f 
TAin input low-level pulse width ee as 









Timer A input (Up-down input in event counter mode) 


ymbo arameter Min. 


| Max_| 
| towuey | TAiourinput cycle time HH 
| twiuew | TAiour input high-level pulse width | 100 || 
ee 
— 
Ee Sd 











TAiour input low-level pulse width 1000 
TAiout input setup time 400 
TAiour input hold time 400 
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Timer B input (Count input in event counter mode) 


Symbol Parameter 


TBii input cycle time (one edge count) 
TBiiy input high-level pulse width (one edge count) 


TBiy input low-level pulse width (one edge count) 
TBijy input cycle time (both edges count) 160 
TBi\y input high-level pulse width (both edges count) 


TBiy input low-level pulse width (both edges count) 





Timer B input (Pulse period measurement mode) 


Symbol Parameter 


TBiiy input cycle time 
TBiyy input high-level pulse width 
TBi,y input low-level pulse width 








Timer B input (Pulse width measurement mode) 


Parameter 








TBiiy input cycle time 


TBi input high-level pulse width 


twi(tBL) TBin input low-level pulse width 








A-D trigger input 


ADrrg input cycle time (minimum allowable trigger) 
ADrac input low-level pulse width 





Serial I/O 










in| 


tock) 
0 


| Max. 

feed 

100 | 

CLKj input low-level pulse width 100 We al 
80 

eed 

he 

eae 


Parameter 















Oo 


CLKj input cycle time 










CLK; input high-level pulse width 












TxDj output delay time 7 
TxDj hold time arc 
RxDj input setup time 


RxDj input hold time ‘ "90 | 


External interrupt INTj input 


INT; input high-level pulse width 
INT] input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25T, f(Xin)=25MHz, unless otherwise noted) 
Microprocessor mode (when wait bit = “1”) 


| tdcac—e) Address low-order output delay time 


Limits 






























_ 
NO 


Address middle-order output delay time 
Address middie-order hold time (BYTE=“L”) 
ares 





—_ 
NO 





© 





NO 
on 


— on > > 


o1 
(o>) 


ae) NIN) P N NPR TN — 
oy) oi o or; oO; ol Oo Nh | > OT) NO 
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Microprocessor mode (when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


| Limits | 
Symbol Parameter Test conditions 


Address low-order hold time Fig. 65 






















NOTRE RD 
O};O;N% 


ab —_ 
Ol] PO Ol} RS 


NO 
on 


E }Epusewidth = | width 


N | NO 
or, On 


16, - > 


N 
on 
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Microprocessor mode _(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


Address middle-order output delay time 
HLDA output delay time 

R/W output delay time 

Address middle-order hold time (BYTE="L”) 
He Address middie-order hold time (BYTE=“H”) 


td(e—psa) Port P8 data output delay time 
E pulse width 


Limits 





Unit 



















































_ th(e—am) 















thi aLe—AaH) 







—thtepLa) 





tezx(e—piz) 


med | et 
HS ITMININIDNI MIMI NM [RM |D O1}O;/O0/— “S| CO SI} co 
CO; MO} 01) O11; ©] O1/ OF) OFF; OO] O1 O;O};rm on O1P OP NO 
Ol > > 
(o) O17] oO O1| O1 


— 
WwW 
oO 


Ao~Ar 
Ag/Ds~Aga/Dz 
P4 
P5 
P6 
P7 


P8 





Fig.65 Testing circuit for each teminal 
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TIMING DIAGRAM tr tf te 
Microprocessor mode twoH) twov) 
(Xin) 
E 
— | tdie—paq) 
Port P4 output Xx 
tsu(e40—e) aaa 
Port P4 input w\ thie—pap) 
aig tdie—psa) 
Port P5 output B 
tsu(pso—e) — 
Port P5 input es th(e—psp) 
ng td(e—Psa) 
Port P6 output |X 
tsu(P6D—e) 
— 
Port P6 input Pe thie—Pep) 
neg tdte—p7a) 
Port P7 output x 
tsu(P7D—E) 
| u(P — 
Port P7 input fia th(e—p7p) 
na td(e—psa) 
Port P8 output xX 
tsu(psD—e) ad 
Port P8 input co thie—psp) 
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TAin input 





tovup) 












tw(uPH) 


TAiour input 


TAiour input 
(Up-down input) 


YN 


In Event counter mode 


TAiy input 


(When count by falling) 
ee 
(When count by rising) 


TBiy input 





tevan) 









tw(adt) 





ADrac input 


teick) 


panenmeees 


CLK; 


tsu(p—c) thic—p) 


L 


RxD; 


twan) 


INT; input 
twainH) 
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Microprocessor mode 


(When wait bit = “1”) 


py 


mi 
~ 


RDY input 


tsu(Rpy—¢,)}  th(gi—roy) 


(When wait bit = “0”) 


$, 


m| 
~~ 


RDY input 


(When wait bit = “1” or “O” in common) 


py 


th, HOLD) 


tsu(HOLD— 4) 


HOLD input 







td(¢,—HLDA) td(4,—HLDA) 


HLDA output 


Test conditions 

* Voc = 5V110% 

* Input timing voltage :° Vy, =1.0V, Vi4q = 4.0V 

* Output timing voltage : Vo, = 0. 8V, Von = 2. 0V 
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Microprocessor mode (When wait bit = “1”) 


twiv) 


Ao~Az output 


As/Dg~Ai5/Dis 
output 
(BYTE=“L”) 


Ag~ Ais output 
(BYTE=“H”) 


De~ Di5 input 


tf tr 


th(aLe—am) ' 


Trae [ e_D) 


Address } 


esaefieron 








ean _ 


( Address 


— 


ewes |) 


tezx(—E—DHz) 


~ Address 


‘tpxz(E—pLz) tpzx(E—pDLz) 





—_—_ — _ Address 
tsu(pL—e) 


_——| th(e—oL) 





twiALe) 
are td(ace—e) 


tdi eHe—e) 


pled ns 
in eae 


td(ryw—e) 


: Vo_=0. 8V, Von=2. OV 
: Vii=0. 8V, Vin=2. 5V 





Aie/Do~Az23/D7 
output 
Do~D, input 
ALE output 
BHE output 
R/W output 
Test conditions 
° Voc=5V+10% 
* Output timing voltage 
* Do to Dis input 
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Microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


t( Xin) va 


$y 


al 


. tezx(E— 
Ag/Ds~Ars/D15 dass po], tren fae el pian 


( BYTE=“ L”) 






—- 
tdi am—ALe) 


th(e—am) td(amM—E) 


Ag~Ajs5 Output 
(BYTE=“H") (|| Address Address i Address 


aL th(e—pH) 
Dg~Dy;5 input 


th(aLe—AH) ay i DLz) 
Aie/ Do~Az23/D7 


ont } fer Address 


output 
: = —ALE) 
Do~D7 input 
“ 
td(aLe—e) 
ALE output 





tsu(pL—e) 


peau th(e—p) 


s E) 
thie- BHE) 
Sita a) 
tdirnvw-e) 
thie— rw) 


R/W output 


Test conditions 

° Voc=5V410% 

- Output timing voltage * Vo_=0. 8V, Von=2. OV 
* Do to Dis input > Vic =0. 8V, Vin=2. 5V 





Auras 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


or 
oO 


f(Xww) | Wa 


‘ | | J 
td(e—94) td(e—91) 
ae 


ml 


[nares |) 


Ao™~Az7 output 


~~, 







As/Dg~Ai5/D15 | thiae—am) ad EY texz(e—DHz) tpzx(e—DHzZ) 
si Cin. as ea) sen 
ll 


is 


(BYTE=“L”) 









td(e—pDHa) 
td(amM—ALE) td(am—e) 


th(e—am) 


7 


Ag~A45 Output 


Address 
(BYTE=“H”) 


Tassos 


—— _ 


Dg~ Dis input 


| 










th(ace—aH) _ rfc texz(e—ptz) tezx(—E—DLz) 
Aieg/Do™~Ao3/D a : 
ot a { Aadress| | Data | Adsense | pm Address 
——> dane 
td(e—pLa) lio) ince 
td(AH—ALE) iat 
Do~ D7 input | 
twiace) 
ALE output 
ad fe allo 
td(r/w—-e) : 
(E—R/W) 
R/W output 
Test conditions 
: Voc=5V+10% 
* Output timing voltage : Vo_=0. 8V, Von=2. OV 
* Do to D5 input : ViL=0. 8V, Vin=2. 5V 
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M37720 GROUP | 

The M37720 group has useful functions for office automa- 
tions and telecommunications. 

This group internally has the following : 


@4-channel DMA controller 
@DRAM controller 
*CAS before RAS refresh method 


The DMA controller is suitable for large memory space and 
high-speed data transfer betweeen memory and memory, 
and betweeen memory and I/O. The DRAM controller en- 
ables to support 1-15M byte DRAM. 


FEATURES 

@4-channel DMA controller built-in 

@DRAM controller(CAS before RAS refresh method) built-in 
‘With 8-bit refresh timer 


@lnternal RAM ..............ccceesssesssssseseeesseeseesseseesenens 512 bytes 
@Peripheral functions 
BU ODOM asters cosopecatc tees evs acount vereceveas gue padecsene cee eon: 53 
SUIMOIMUDE irs cediivcseersieeeenseauntinch eros 23 types,7 levels 
eMultiple function 16-bit timer ........ ee eeeseceeeeeeeeeeeees 54+3 
Serial I/O (clock synchronous / asynchronous) ............... 2 
¢12-bit watchdog timer 
*Real time output port .............. cesses 4 bits X 2 channels 
APPLICATION 


Control devices such as Serial printer, Facsimile, Image 
scanner, High-speed modem, Network controller, ODD, ISDN 
terminal 


Type name 


Represent MELPS 7700 


M37720 group expansion 


(Byte) 


+ Memory 


identification 


External) 43772081 512 
ROM 


@ : NOW 


+ The former 8MHz version was unified into “A” version. “A” 
version satisfies the timing requirements and the switching 
characteristics of 8MHz version. 


Package — 


















100-pin QFP 
(100P6S-A) 





Package type 


M377 20S1A (17 a pitch) 


Group designation 


Memory identification 
S :RAM(external ROM) 





\, Memory size identification 


External clock input frequenc 
- A :16MHz 








2—184 afte MITSUBISHI 
| ELECTRIC 


M37720S1FP is unified into M37720S1AFP. 


DESCRIPTION 

The M37720S1AFP is a 16-bit microcomputer designed 
with high-performance CMOS silicon gate technology. 
This is housed in a 100-pin plastic molded QFP. 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. This also incorporates a 
4-channel DMA controller and a DRAM controller which has 
a refresh function. The CPU is a 16-bit parallel processor 
that can also be switched to perform 8-bit parallel proces- 
sing. This microcomputer is suitable for office, business, 
and industrial equipment controller that require high-speed 
processing of large data. 


FEATURES 
@ Number of basic instructions wiee lejele ese eh ecw tele Cyeleieye ef eieies ered ce tele 018s 103 
@ Memory size RAM SIL eere Re eC e ee  ee e 512 bytes 
ROM Serer r re rere errr eee ree ee ee External 

@ Instruction execution time 

The fastest instruction at 16MHz frequency::::::: 250ns 
e Single power supply Stedeus new sues seeesncesaceeaetasacees 5V+10%. 
@ Low power dissipation (at 16MHz frequency) 

aia abe. dhatgys nezovere ‘cert-cloretetseredh o' ers’ eels Sisto Batbn dee saretes ewketere 90mW( Typ.) 
@ Interrupts Cee mero reece reer neneseeeressecnrcesveces 23 types, 7 levels 
@ Multiple function 16-bit timer: 5+3 
@ UART (may also be synchronous) srrrrrrrsreeeeeeterttette 2 
@ 8-bit A-D converter -\-:-1+r erste 8-channel inputs 
@ DMA controller ccc cert tee t teen e tt eeeneeeeeaes 4-channel 
@ DRAM controller 
@ 4-bit real-time Output sre 2-channe! 
@® Watchdog timer 
@ Programmable input/output 

(ports P4, P5, P6, P7, P8, P9, P10) settee 53 
APPLICATION 


Copiers, printers, typewriters, facsimiles, optical disk units, 
hard disk drives, telecommunications equipment such as 
mobile radio and ISDN terminal units, and office automation 
(OA) equipment including personal computers 
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PIN CONFIGURATION (TOP VIEW) 




























++ P8,4/CTS1/RTS; 
+> P85/CLK, 







3 | > P77/AN7/ADtre 


13 |<+> P7>/ANo 
3) +> P7,/AN, 
181+» P72/AN2 
Elpae P75/ANs 
[2] <> P76/ANg 
& _- P8_/RxD, 





83 | 
RS | 





P67/RTP1, +> 
P6¢/RTP12 +> 


+> P87/TxD, 
+> P9o/DMAACKO 
+> P9,/DMAREQO 











dAaviSOcZZew 







P10g/INTo +> 
P4,/DBC * +> | 


51] +> Ano/Da 





Aoi/Ds pan & 


Outline 100P6S-A 


* . Used in the evaluation chip mode only 


NOTE 


Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. | 


The M37720S1AFP satisfies the timing requirements and 


the switching characteristics of the former M37720S1FP. 
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M37720S1AFP BLOCK DIAGRAM 








Status 

Reference Bus width Memory control signal 

Clock Clock Clock $; Enable Reset Reset voltage selection signal output output 
input output output output input output Veco Vss CNVgg AVss AVoc input input 
rae ae ¢, E RESET RESEToy; (5V)(OV) (OV) (OV) (5V) Veer BYTE RDY HOLD R/W BHE BLE ALE STO:ST1 


i er i ee 
ere? TENET TTT 
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oo 
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ESS 
— 


(9L)y s0ye;nWINDOYy 
(8)1@ 491s16es yueq eyeq 


(9L)g s0}ejnUINDOY Fal 
, (9L)X s0}siBey xepu| 


91607] snewuuy 





¥Z)Wd J0)s15ey ssosppy weiBoldg 
(g)'® seyng eneno UONONYSU] 





(8) Dd 49)s!6oy yueg weiBoig 
(vZ) s0}UeWE19EQ/JE}UEWE/9U| 
(v2) Va Je\s16oy sseuppy eye 
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FUNCTIONS OF M37720S1AFP 


Parameter 





Number of basic instructions 
Instruction execution time M37720S1AFP 











RAM 





Memory size 
i ROM 
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Functions 
103 
2 


50ns (the fastest instruction at external clock 16MHz frequency) 





512 bytes 
External 





P5~P10 
Input/Output ports 


Multi-function timers 
TBO, TB1, TB2 





Serial 1/O 








A-D converter 





Watchdog timer 





DMA controller 








DRAM controller 


TAO, TA1, TA2, TAS, TA4 16-bitX 5 





8 -bitX 6 


16-bitX 3 
(UART or clock synchronous serial |/O) X2 


8 -bitX 1 (8 channels) 





12-bitX 1 


4 channels 
Maximum transfer rate : 8M bytes/second 


“CAS before RAS refresh” system 
8 -bit refresh timer incorporated 





Real-time output 





Interrupts 





4 bitX2 channels 


3 external types, 20 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 








Clock generating circuit 





Supply voltage 





Power dissipation 





Input/Output voltage 





Input/Output characterise. | 


Output current 





Built-in (externally connected to a ceramic resonator or quartz crystal 
resonator) 


5 V+t10% 
90mW(at external clock 16MHz frequency) 











Memory expansion 





Operating temperature range 








Device structure 








Package 





Maximum 16M bytes 








CMOS high-performance silicon gate process 
100-pin plastic molded QFP 
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PIN DESCRIPTION (1) 


Voc, Vss Power supply Supply 5 V+10% to Vcc and 0 V to Vgs. 
CNVss CNVsg input Connect to Vss or Vcc. 


Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 
RESETout Reset output 


Xin Clock input 


Xout Clock output 
Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 


Bus width selection input 





This pin outputs the response of reset input. When input to RESET pin is “L”, this pin outputs “L”. And out- 
put from this pin returns “H” after the release of reset. When the software reset bit is set to “1”, this pin out- 
puts “L”. 


BY) 
m 
n 
m 
| 


This is an input pin for internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


This is an output pin for internal clock generating circuit. When a resonator is used, the resonator should be 
connected between this pin and the Xjy pin. 








BYTE This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 


“L” signal inputs and 8 bits when “H” signal inputs. 


STO, ST1 


Status signal output 


The bus use status output is generated in 2-bit code. 
Refresh 
Hold 
DMA 
CPU 


Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVgg to Vsg externally. 


This is reference voltage input pin for the A-D converter. 


These pins are for R/W, BHE, ALE, and BLE output pins. 


This is the $1 output pin which is divided the clock to Xn pin by 2. 
This is an input pin for the HOLD request signal. 
This is an input pin for the RDY signal. 


These are output pins for the 8 low-order bits of addresses. When the DRAM is to be accessed, the row 
and column addresses are generated by means of time division multiplexing. 


AVss 


Vrer Reference voltage input 


R/W, BHE, Memory control signal 





< 
9 
Si 







ALE, BLE output 





Clock ¢1 output 
HOLD input 
RDY RDY input 


Address 
low-order/ 
DRAM address 





= 
\@) 
aa 
Oo 





Address 1/0 In cases where an external data bus width of 16 bits is used with the BYTE pin set to the “L” (Low) level, 
medium-order/ the high-order data (Dis ~ Ds) input/output is effected at the “L” E output level, and the address output 
data high-order (Ais~Ag) is generated at the “H” (High) E output level. In cases where an external data bus width of 8 bits 
is used with the BYTE pin set to the “H” level, only the address (A;s~Ag) output is generated. 






Address high-order/ 1/0 When the E output-is “L”, the low-order data (D7~ Do) input/output is effected. When the E output is “H’, 
data low-order the address output (Az3~Aig) is generated. 


P43~P4, 1/O port P4 1/0 Port P4 is an 5-bit 1/O port. As it has an I/O directional register, it is possible to perform programming to 
determine whether each bit serves as an input pin or an output pin. 


P5o~P57 1/O port PS 1/0 Port P5 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as I/O pins for timer A2, timer A3 and timer A4, and input pins for timer BO and timer B1. 
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PIN DESCRIPTION (2) 


—_. 


6o 
P79~P77 I/O port P7 
P8o 


Port P6 is an 8-bit !/O port. It has basically the same functions as port P4. In addition, pins P6> through P63 
and pins P64 through P67 are capable of functioning as a 4-bit real-time output, respectively. 








Port P7 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as input pins for analog inputs ANo through AN7. Pin P77 also has an A-D conversion trigger input func- 
tion. 





Port P9 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as input pins for DMA request, and output pins for DMA acknowledge signal. 


P99~ P97 1/O port P9 
P109~P107 | 1/O port P10 


Port P10 is an 8-bit 1/O port. It has basically the same functions as port P4. In addition, 
these pins also function as input pins for INTo/INT,/INT2, and I/O pin for TC, and out- 
put pins for RAS, CAS, MAg and MAg. 





~P87 I/O port P8 1/0 Port P8 is an 8-bit |/O port. It has basically the same functions as port P4. In addition, these pins also func- 
tion as RxD, TxD, CLK, and CTS/RTS pins for UARTO and UART1. 
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BASIC FUNCTION BLOCKS 

The M37720S1AFP contains the following devices on a 
chip: RAM for storing instructions and data, CPU for pro- 
cessing, bus interface unit (which controls instruction pre- 
fetch and data read/write between CPU and memory), tim- 
ers, UART, A-D converter, and other peripheral devices 
such as I/O ports. ROM is not incorporated. Each of these 
devices are described below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0;, to FFFFFF,.5. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 0,, to FF 46. 

Built-in RAM, and control registers for built-in peripheral 
devices are assigned to bank 04¢. 


00007Fi¢ 
eae 
t + 


Bank O16 


OOF FFF 46! 
010000, 


Bank 1i6¢ 


FE0000.6 
Bank FE4. 


FEFFFF 6! 
FFO000.q 


Bank FFi. 


See decos a itclhesiwasypeeeeee 


FFFFFF igh. 


CJ: Built in 


: Not built in 


Fig.1 Memory map 





Addresses FFCE;, to FFFFi¢ are the RESET and interrupt 
vector addresses and store the interrupt vectors. Be sure to 
set up external ROM for the interrupt vector table. Refer to 
the section on interrupts for details. 

The 512 bytes area from addresses 80;, to 27Fi¢ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0g to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. Registers necessary for DMA control 
are assigned to addresses 1FC0Q, through 1FFF.. 

A 256 bytes direct page area can be allocated anywhere in 
bank 01, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


Internal RAM [Refer Fig.2] 


512 bytes 





DMA controller 
related register 
[Refer Fig.47] 


A-D conversion 4 
TUART1 transmission ¢ 


1 UARTO transmission ! 


UARTO receive 
Timer B2 t 
' Timer B1 J 
Timer BO 


’ Timer A4 


cS 

Timer A3 t 
-——————_— 
Timer A2 


Timer At 


i Timer AO ! 
1 INT, } 
INT; ' 
! INT, 
f Watchdog timer 
DBC 1 
) BRK Instruction ! 
] 


"oe ee ee 
Zero divide j 


ea 


= = a ow a a a a = ee ee 


=~ a a ow ee aw ow a oe a 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 

000000 000040 [| Count start flag i 
000001 000041 

000002 000042 | One-shot start flag_ 1 
000003 000043. 

000004 000044 Up-down flag 

000005 000045 

000006 000046 | +. er AO 

000007 000047 

000008 000048 Timer At 

000009 =] 000049 

QO000A | Port P4 00004A 

000008 | Port P5 eal oooo4p | Timer A? 

00000C | Port P4 data direction register ant 00004C [Fag 

00000D_ | Port PS data direction register 00004D 

00000E Port P6 00004E TimePAA 

OO000F Port P7 00004F 

000010 Port P6 data direction register 000050 Timer BO 

000011 Port P7 data direction register 000051 -| 
000012 Port P8 000052 Timer Bt 

000013 | Port P9 000053 | 
000014 Port P8 data direction register 000054 Timer B2 

000015 Port P9 data direction register 000055 

000016 Port P10 000056 Timer AO mode register 

000017 000057 Timer Ai mode register 

000018 Port P10 data direction register 000058 Timer A2 mode register 

000019 000059 Timer A3 mode register 

OO0001A Pulse output data register 0 00005A | Timer A4 mode register 

00001B 00005B_ | Timer BO mode register 

00001C | Pulse output data register 1 00005C_ | Timer B1 mode register 

00001D 00005D_ ‘| Timer B2 mode register 

OOO01E A-D control register 4 OO00SE | Processor mode register 

00001F A-D sweep pin selection register 00005F 

000020 A-D register 0 000060 Watchdog timer 

000021 [ 000061 Watchdog timer frequency selection flag 
000022 A-D register 1 | 000062 Real-time output control register 

000023 000063 

000024 | A-D register 2 at 000064 | DRAM control register 

000025 000065 

000026 | A-D register 3 eS 000066 _| Refresh timer 

000027 000067 

000028 A-D register 4 000068 DMAC control register L 

000029 000069 DMAC control register H 

00002A_ | A-D register 5 00006A | 
00002B 00006B 

00002C_ | A-D register 6 00006C DMAO interrupt control register J 
00002D 00006D DMAT1 interrupt control register 

00002E A-D register 7 OOO06E DMA2 interrupt control register 

00002F OOO06F DMAS interrupt control register 

000030 UARTO transmit/receive mode register 000070 A conversion interrupt control register 
000031 UARTO bit rate generator 000071 UARTO transmission interrupt control register 
000032 UARTO transmission buffer register 000072 UARTO receive interrupt control register 
000033 000073 UART1 transmission interrupt control register 
000034 UARTO transmit/receive control regi 000074 UART1 receive interrupt control register 
000035 000075 _| Timer AO interrupt control register 

000036 UARTO receive buffer register 000076 Timer A1 interrupt control register 

000037 — 000077 limes A2 interrupt control register 

000038 UART1 transmit/receive mode register _| 000078 Timer A3 interrupt control register 

000039 UART1 bit rate register | 000079 Timer A4 interrupt control register 

00003A | sant transmission buffer sista 00007A ‘| Timer BO interrupt contro! register 

00003B 00007B_ ‘| Timer B11 interrupt control register 

00003C UART1 transmit/receive control register 0 | 00007C_ | Timer B2 interrupt control register 

00003D UART1 transmit/receive control register 1 00007D 
00003E ¥ ; 00007E INT, interrupt control register 

00003F er es oowemunet fede | 00007F INT? teu onGG register 








Fig.2 Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more _ instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“Q” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. | 


7 


Program bank register PG 


Data bank register DT 


Fig.3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 

Index register X 

Index register Y 

Stack pointer S 

Program counter PC 
Direct page register DPR 


Processor status register PS 


Carry flag 
Zero flag 
Interrupt disable flag 
Decimal mode flag. 
Index register length flag 
Data length flag 
Overflow flag 
Negative flag 
' Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 

For stack area selection, use bit 7 stack bank selection bit 
of the processor mode register (address 5E,¢). When the 
bit is set to “O”, the stack area is set to bank 0;.. When the 
bit is “1”, the stack area is set to bank FF... This bit de- 
faults to O upon resetting. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. That is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register (PG) is an 8-bit register that indi- 
cates the high-order 8 bits of the next program memory 
address to be executed. When a carry occurs by in- 
crementing the contents of the program counter, the con- 
tents of the program bank register (PG) is incremented by 
1. Also, when a carry or borrow occurs after adding or sub- 
tracting the offset value to or from the contents of the prog- 
ram counter (PC) using branch instruction, the contents of 
the program bank register (PG) is incremented or de- 
cremented by 1 so that programs can be written without 
worrying about bank boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. 

The contents of data bank register (DT) is used as the 
high-order 8 bits of a 24-bit address. Addressing modes 
that use the data bank register (DT) are direct indirect, 
direct indexed X _ indirect, direct indirect indexed Y, 
absoulute, absolute bit, absolute indexed X, absolute inde- 
xed Y, absolute bit relative, and stack pointer relative in- 
direct indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256byte direct page area. 
The direct page area is allocated in bank 0;., but when the 
contents of DPR is FF011, or greater, the direct page area 
spans across bank 0;g and bank 14.. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is “00,,¢”, the number of cycles 
required to generate the address is minimized. Therefore, 


nomally the low-order 8 bits of the direct page register 
(DPR) is set to “00,,”. 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags, 
C, Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 


This zero flag is set if the result of an arithmetic operation 


‘or data transfer is zero and reset if it is not. This flag can 


be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (I) 

When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when inter- 
rupts are serviced. It can be set and reset directly with the 
SEI and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. 

Binary arithmetic is performed when this flag is “O”. If it is 
“1”, decimal arithmetic is performed with each word treated 
as two or four digit decimal. Arithmetic operation is per- 
formed using four digits when the data length flag m is “0” 
and with two digits when it is “1”. (Decimal operation is 
possible only with the ADC and SBC instructions.) This flag 
can be set and reset with the SEP and CLP instructions. 
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5. Index register length flag (X) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “0” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed as signed binary number. When the data 
length flag m is “O”, the overflow flag is set when the result 
of addition or subtraction is outside the range between 


—32768 and + 32767. When the data length flag m is “1”, - 


the overflow flag is set when the result of addition or sub- 
traction is outside the range between —128 and +127. It is 
reset in all other cases. The overflow flag can also be set 
and reset directly with the SEP, and CLV or CLP instruc- 
tions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 


also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) consists of 3 
bits and determines the priority of processor interrupts from 
level O to level 7. Interrupt is enabled when the interrupt 
priority (set using the interrupt control register) of the de- 
vice requesting interrupt is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(Xi) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus access 
timing and pre-feches instructions. Figure 4 shows the rela- 


tionship between the CPU and the bus interface unit. The 


bus interface unit has a program address register, a 3-byte 
instruction queue buffer, a data address register, and a 2- 
byte data buffer. | 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


interface 
unit 


(Sa aera 





Fig.4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are (1) 
and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to “L”. (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, only one byte is 
read in the instruction queue buffer. 

The signals BLE and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 


from odd address, 2-byte simultaneous read from even and 


odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. 

The BLE signal becomes “L” when an even number 
address is accessed. The BHE signal becomes “L” when 
an odd number address is accessed. 

The bit 2 of processor mode register (address 5E;,) is the 
wait bit. When this bit is set to “0”, the “L” width of E signal 
is extended 2 times as long when accessing an external 
memory area in microprocessor mode. However, the “L” 
width of E signal is not extended when an internal memory 
area is accessed. When the wait bit is “1”, the “L” width of 
E signal is not extended for any access. Waveform (3) is an 
expansion of the “L” width of E signal in waveform (1). 
Waveform (4), (5), and (6) are expansion of the “L” width of 
each E signal in waveform (2), first half of waveform (2), and 
the last half of waveform (2) respectively. 

Instruction code read, data read, and data write are de- 
scribed below. 





Internal clock sSTUUULU UU UU * 
Au/D. 
= ——7 a 
ALE | | 
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ee |i ee 
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E 


aaa (umes i eeees (a 
eee (| eee! (See eee 
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~~ Weis LS 
ee rn | 
be» 
XX AKD Xt 0X 
ee) ees eae ees 
eee | eee Ss ee 
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A : Address D : Data 


pec ees Access 2-byte | Access even Access odd 
simultaneously | address 1-byte | address 1-byte 





Fig.5 Relationship between access method and signals 
BLE and BHE 
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Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. : 

However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area, or the addresses to be read is odd, 
only one byte is read and stored in the instruction queue 
buffer. Therefore, waveform (1) or (3) in Figure 5 in used for 
instruction code read. | 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus writes it to memory. 
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INTERRUPTS 

Table 1 shows the interrupt sources and the corresponding 
interrupt vector addresses. Reset is also treated as a kind 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used for debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. Use the SEB and CLB instructions 
when setting each interrupt control register. The interrupt 
request bit is automatically cleared by the hardware during 
reset or when processing an interrupt. Also, Interrupt re- 
quest bits other than DBC and watchdog timer can be 
cleared by software. 

INT. to INT, are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the ,inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts described in the respective 
section. 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 
reset> DBC >watchdog timer> other interrupts 





765 43 21 0 


Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1° Interrupt 


Table 1. 


Interrupts 
DMAS3 
DMA2 
DMA1 
DMAO 
A-D conversion 
UART1 transmit 
UART1 receive 
UARTO transmit 
UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 
Timer A3 
Timer A2 
Timer A1 
Timer AO 
INT, external interrupt 
INT, external interrupt 
INT, external interrupt 
Watchdog timer 
DBC (unusable) 
Break instruction 
Zero divide 





Interrupt sources and the interrupt vector 
addresses 


OOFFCE,, OOFFCFi¢ 


Interrupt control register configuration for DMAO~DMA3, A-D converter, UARTO, UART1, timer AO~timer A4, timer BO~timer B2 


765 4 3 21 +0 


as a Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1: Interrupt 
Polarity selection bit 


0 : Set interrupt request bit at “H” level sense and when changing from “H” to “L” level for edge sense 
1 : Set interrupt request bit at “L” level sense and when changing from “L” to “H” level for edge sense 


Level sense/edge sense selection bit 


0 : Edge sense 
1 : Level sense 


Interrupt control register configuration for INT2~INTo. 


Fig.6 Interrupt contro! register configuration 
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Table 2. Address of interrupt control registers 


00006C1., 


00006D4. 


Q0006E1¢ 


DMAO interrupt control register 


DMAT1 interrupt control register 


Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. | 
Other interrupts previously mentioned are DMA, A-D con- 
verter, UART, Timer, INT interrupts. The priority of these in- 
terrupts can be changed by changing the priority level in 
the corresponding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 
This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “0”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 
When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 
Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “O” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is re- 
placed by the priority level of the accepted interrupt. 
Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. 











For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. . 

Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 


Priority is determined by hardware 
———a41/—————~ 
® © @© @ 
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Interrupt by A-D conversion, UART, and so on 
[Priority can be changed with software inside @] 


Fig.7 Interrupt priority 
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Fig.8 Interrupt priority resolution | 
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Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,,) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to “OO,” and therefore, the longest time is 
selected. 

However, the shortest time should be selected by software. 


internal clock ¢ 


Operation code fetch cycle 


Sampling pulse 


Priority resolution time 
[Select from 0 to 2 with bits 4 and 5 
of the processor mode register] 


Fig.9 Interrupt priority resolution time 


7-6 SB Ae 3 ee OD 
Ep ade Tiel | 


Table 3. Value set in processor interrupt level(IPL) dur- 
ing an interrupt 


interrupt types 
Watchdog timer 


Not change value of IPL. 
BRK instruction Not change value of IPL. 










Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 


Priority level resolution time selection bit 
Number of cycles 


ee ae ee ee 7 cycles of ¢ 
a eae ae 4 cycles of ¢ 
ae 2 cycles of $ 





¢. Internal clock 





Processor mode register(address 5E,¢) 


Processor mode bit 


Q : Microprocessor mode 


1 : Evaluation chip mode 
aoe Wait bit 

0 : Wait 

1 = No wait 


Software reset bit 
The processor is reset when this bit is set to “1” 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
0 1 : Select 1 in Figure 9 
1 0 : Select 2 in Figure 9 


Test mode bit 
Must be “0” 
ee Stack bank selection bit 
0 : Bank 046 
1 : Bank FFi¢ 


Fig.10 Processor mode register configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B (3). 

The timer I/O pins are shared with !/O pins for port P5. To 
use these pins as timer input pins, the direction register bit 
corresponding to the pin must be cleared to “0” to specify 
input mode. . 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). 

Each of these modes is described below. 


Clock source selection 








fo =H ¢ Timer 
¢ One-shot 
he —o OSs ¢ Pulse width modulation 
© 
fea —O 
Timer( gate function) 
fs12__-_o 







Event counter 







Polarity 


selection 
TAjin 


(j=2 to 4) 
External trigger 


Count start flag 
(Address 404.) 


Down count ——-o 


(1) Timer mode [00] 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “O”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000;,¢. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 
















| (Lower 8 bits) | |_| | (Upper 8 bits) 


eload register(16) 


. Counter( 16) 


Up/down 


Address 


Timer AO 4716 4616 


[Always decremented | TimerA1 4916 4816 
except in event count 


TimerA2 4Big 4Ai6 
mode] 


TimerA3 4Di6 4Ci6 
TimerA4 4Fis 4Ei6 


Up-down flag O D 


(Address 444.) 





Pulse output 


TAjout 
(j=2 to 4) 


Fig.11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAjour(j=2 to 4) pin. The output is tog- 
gled each time the contents of the counter reaches to 
0000,,. When the contents of the count start flag is “0”,“L” 
is output from TAjoyrt pin. 

When bit 2 is “O”, TAjour can be used as a normal port pin. 
When bit 4 is “O”, TAj,y can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAjiy pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAjiy input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAjix pin input 
signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. 





Note that the duration of “H” or “L” on the TAjiy pin must be 
two or more cycles of the timer count source. 

When data is written into timer Ai while it is not operating, 
the data is written into the reload register and counter. On 
the other hand, when data is written into timer Ai while it is 
operating, the data is written into the reload register only 
and not into the counter. When reloading is initiated next, 
new data is reloaded from the reload register into the coun- 
ter for operation continuation. The contents of the counter 
can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n+1). 

As timers AO and A1 do not have the TAjy and TAour pin, 
be sure to use the timer mode. 


Address 
Timer AO mode register 56i¢ 
Timer A1 mode register 5716 
Timer A2 mode register 581.6 
Timer A3 mode register 594. 
Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


0 : No pulse output(TAjour is normal port pin) 


1 : Pulse output 


0 X : No gate function(TAjiy is normal port pin) 
1 0 : Count only while TAjy input is “L” 
1 1 : Count only while TAjiy input is “H” 


0 : Always “O” in timer mode 


Clock source selection bit 


0 0 : Select f, 

01 : Select fie 
10 ° Select fog 
11 ° Select fs12 


Fig.12 Timer Ai mode register bit configuration in timer mode 
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Count start flag MS Address 
(Stop at “0”, Start at “1”) A016 


7 6 §& 4 3 2 1 0 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 
tier A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 


Timer B1 count start flag 


Timer B2 count start flag 





Fig.13 Count start flag bit configuration 


Selected clock source fj 


Timer mode register 
Bit 4 Bit 3 


R2Em UU i 


Timer mode register 
Bit 4 Bit 3 


JUWUUUY UUW UU 





Fig.14 Count waveform when gate function is available 
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(2) Event counter mode [01] 

Figure 15 shows the bit configuration of the timer Aj mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Aj(j=2 to 4) mode register must be 
“1” and bit 1 and bit 5 must be “0”. 

The input signal from the TAji, pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “0”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

in event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAjoyr pin. When bit 4 of the timer Aj 
mode register is “O”, the up-down flag is used to determine 
whether to increment or decrement the count (decrement 
when the flag is “0” and increment when it is “1”). Figure 
16 shows the bit configuration of the up-down flag. When 
bit 4 of the timer Aj mode register is “1”, the input signal 
from the TAjour pin is used to determine whether to incre- 
ment or decrement the count. However, note that bit 2 must 
be “0” if bit 4 is “1” because if bit 2 is “1”, TAjour pin be- 
comes an output pin with pulse output. 

Determine the level of the input signal from the TAjour pin 
before valid edge is input to the TAj,, pin. 

The count is decremented when the input signal from the 
TAjour pin is “L” and incremented when it is “H”. 

An Interrupt request signal is generated and the interrupt 
request bit in the timer Aj interrupt control register is set 
when the counter reaches 0000;, (decrement count) or 
FFFF,,. (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is “1” and the counter reaches 0000,, 
(decrement count) or FFFFi¢ (increment count), the wave- 
form reversing polarity is output from TAjour pin. 

If bit 2 is “O”, TAjour pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAjour pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
the TAjour pin is to be used to select the count direction. 





Address 
Timer A2 mode register 58i¢ 
Timer A3 mode register 594, 
Timer A4 mode register 5Ai,¢ 


7654321 0 


ETT 


0 1 : Always “01” in event counter mode 
: No pulse output 
: Pulse output 


- Count at the falling edge of input signal 
- Count at the rising edge of input signal 


: Increment or decrement according to 
up/down flag 


: Increment or decrement according to 
TAjour pin input signal level 


: Always “0” in event counter mode 


: Not used in event counter mode 





Fig.15 Timer Aj mode register bit configuration in event 
counter mode 


Address 


76543210 Up-down flag 4416 


Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 


Timer A2 two-phase pulse signal processing selection bit 
Q : Two-phase pulse signal processing disabled 
1: Two-phase pulse signal processing mode 

Timer A3 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 : Two-phase pulse signal processing mode 


Timer A4 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 > Two-phase pulse signal processing mode 


Fig.16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Aj 
while it is not operating, it is also written to the reload reg- 
ister and the counter. When data is written to timer Aj while 
it is operating, the data is written to the reload register, but 


not to the counter. The counter is reloaded with new data 


from the reload register at the next reload time. The coun- 
ter can be read at any time. | 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One. uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjin pin. 


When timers A2 and AS are used, as shown in Figure 17, 
the count is incremented when a rising edge is entered to 
the TAkiy pin after the level of TAkoyr (k= 2, 3) pin 
changes from “L” to “H”, and when the falling edge is in- 
serted, the count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is entered 
after the level of TA4our pin changes from “L” to “H”, the 
count is incremented at the respective rising edge and fall- 
ing edge of the TA4oy7 and TA4;y pins. 

When a phase related pulse with a falling edge input to the 
TA4our pin is entered after the level of TA4,;y pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4,y and TA4our pins. 
When performing this two-phase pulse signal processing, 
timer Aj mode register bit 0 and bit 4 must be set to “1” 
and bits 1, 2, 3, and 5 must be “0” (refer the Figure 19). 
Bits 6 and 7 are ignored. Note that bits 5, 6, and 7 of the 
up-down flag register (44,.) are the two-phase pulse sig- 
nal processing selection bit for timer A2, A3, and A4 re- 
spectively. Each timer operates in normal event counter 
mode when the corresponding bit is “0” and performs two- 
phase pulse signal processing when it is “1”. 


Count is started by setting the count start flag to “1”. Data 


write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
qutput in this mode. | 
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TAKout | | | | | | | 


Decrement-count 
Decrement-count 
Decrement-count 


TAKin 


(k=2, 3) 


Increment-count 
Increment-count 
Increment-count 


Fig.17 Two-phase pulse processing operation of timers 
A2 and A3 


Increment-count at each edge Decrement-count at each edge 


TA4in 


Increment-count at each edge Decrement-count at each edge 


Fig.18 Two-phase pulse processing operation of timer 
A4 


Address 


Timer A2 mode register 5816 
Timer A3 mode register 594. 


76543210 : ; 
Timer A4 mode register 5Ai6 


<}x}o [1 1010} 0} 1] 


0 1 : Always “01” in event counter mode 


0 10 0 : Always “0100” at two-phase 
pulse signal processing 


XX : Not used in event counter mode 


Fig.19 Timer Aj mode register bit configuration when 


performing two-phase pulse signal processing 
in event counter mode 
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(3) One-shot pulse mode [10] 

Figure 20 shows the bit configuration of the timer Aj mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “O” and bit 1 and bit 2 must 
be “1”. 

The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 
from the TAjiy pin. Software trigger is selected when bit 4 
is “O” and the input signal from the TAjiy pin is used as the 
trigger when it is “1”. Bit 3 is used to determine whether to 
trigger at the fall of the trigger signal or at the rise. The 
trigger is at the fall of the trigger signal when bit 3 is “OQ” 
and at the rise of the trigger signal when it is “1”. Software 
trigger is generated by setting the bit in the one-shot start 
flag corresponding to each timer. Figure 21 shows the bit 
configuration of the one-shot start flag. Bit 7 of the one-shot 
start flag must always be “OQ”. 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 

If the contents of the counter is not 0000,., the TAjoyr pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001;.¢. The TAjoyr pin goes “L” 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Aj interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 


1 

( pulse frequency of the selected ee 

X (counter’s value at the time of trigger). 
If the count start flag is “O”, TAjour goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Aj before setting the timer Aj count start 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. Except when retriggering while operating, 
the contents of the reload register is not transferred to the 
counter by triggering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Aj while it is not operating, it 
is also written to the reload register and the counter. 
When data is written to timer Aj while it is operating, the 
data is written to the reload register, but not to the counter. 
The counter is reloaded with new data from the reload reg- 
ister at the next reload time. 
Undefined data is read, when timer Aj is read. 








Address 


Timer A2 mode register 5816 
Timer A3 mode register 5946 
Timer A4 mode register 5Ai. 


76543210 


1 0 : Always “10” in one-shot pulse mode 


1 : Always “1” in one-shot pulse mode 


0 X : Software trigger 
1 0 : Trigger at the falling edge of TAj,, input 
1 1 : Trigger at the rising edge of TAjix input 


0 : Always “0” in one-shot pulse mode 


Clock source selection 
0 0 : Select f, 

01 : Select fig 

1 0 : Select fea 

11 ° Select fs12 


Fig.20 Timer Aj mode register bit configuration during 
one-shot pulse mode 


Address 
One-shot start flag 4216 


76543210 


Pod tt Tx]x!) 


Timer A2 one-shot start flag 


Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Fig.21 One-shot start flag bit configuration 
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Selected clock 
source fj 


TAjin 

(in case of the 

rising edge) 

TAjout [ | | | | 


Example when the contents of the reload register is 0003;¢ 





Fig.22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAjin 
(in case of the 


rising edge) 
TAjout ee aes ee 


Example when the contents of the reload register is 0004,, 





Fig.23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11] 
Figure 24 shows the bit configuration of the timer Aj mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAjiy pin (external 
trigger). 
The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAjour when the timer Aj start flag is set to “1”. 
The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAjiy pin when the timer Aj start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 
When data is written to timer Aj with the pulse width mod- 
ulator while it is not operating, it is written to the reload 
register and the counter. 
Then when the timer Aj start flag is set to “1” and a soft- 
ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 
ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 
, 

Gelected clocktrequemy 

and the output pulse period is 
1 

selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Aj interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. The data is written to the reload regis- 
ter, but not to the counter. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read, when timer Aj is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Aj mode register bit 5 is “1”. 
The reload register and the counter are both divided into 8- 
bit halves. 


x (216—1), 
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The low order 8 bits function as a prescaler and the high 
order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000;, 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Address 


AN 
Timer A2 mode register 5816 


Timer A3 mode register 5916 
Timer A4 mode register 5Ai¢ 


: Always “11” in pulse width modulation mode 


: Always “1” in pulse width modulation mode 


- Software trigger 
: Trigger at the falling of TAjiy input 
1 : Trigger at the rising of TAjy input 


: 16-bit pulse width modulator 
1 : 8-bit pulse width modulator 


Clock source selection bit 
00 : Select f, 

01 : Select fi, 

10 ° Select fgg 

11 : Select fs;2 





Fig.24 Timer Aj mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 


the period of the generated pulse is ister is m, the duration “H” of pulse is 
1 1 | 
ee SeIe TESST In aI Pay UIE RTE. xm. 
selected clock frequency X01), selected clock frequency (nF) 


The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the 


se (i) Oe), 
same as for 16-bit length pulse width modulator except that selected clock frequency \ ues 


1/fj X (218-1) 


| 
| 
Selected clock - 
source fj i. 
-J 
| 
| 


TAjin | 
(in case of the | AG 
rising edge) | 

| 


| . 
od 
ra 
s 6 
ot 
ae 


| 

| 

| 

| © This trigger is not accepted | 
| | 

| 


1/f| X (m | 


Example when the contents of the reload register is 0003;, 





Fig.25 16-bit length pulse width modulator output pulse example 


1/f] X (n+1) XK (28—1) 


Selected clock 
source fj 


TAjnn 
(in case of the 
falling edge) 


Prescaler output 
(when n=2) 


8-bit length pulse 
width modulator 
output 

(when m=2) 





Fig.26 8-bit length pulse width modulator output pulse example 





MITSUBISHI 
am rate 


MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, and 
pulse period measurement/pulse width measurement mode. The 
mode is selected with bits 0 and 1 of the timer Bi mode 
register (i= 0 to 2). Each of these modes is described 


below. 


(1) Timer mode [00] 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “Q” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection 


e Timer 
f2 ——o 


fea —o 


f512-——o 


Polarity selection Event counter 
and edge pulse O 
generator 


TBiin 


(j=0, 1) 


Fig.27 Timer B block diagram 


e Pulse period measurement/ 


fie—o * pulse width measurement 


Count start flag 


(Address 40,,) 


Counter reset 
circuit 


As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. | 
When data is written to timer Bi while it is not operating, it 
is written to the reload register and the counter. When data 
is written to timer Bi while it is operating, the data is written 
to the reload register, but not. to the counter. The counter is 
reloaded with new data from the reload register at the next 
reload time. 

The contents of the counter can be read at any time. As 
timer B2 does not have the TB pin, be sure to use the 
timer mode. 


i (Lower 8 bits) i (Upper 8 bits) 


Reload register(16) 


UT UT 


Counter(16) Address 
Timer BO 5lis 5016 
Timer B1 5316 5246 


Timer B2 5546 5446 
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(2) Event counter mode [01] 
Figure 29 shows the bit configuration of the timer Bj(j=0, 


Address 
1) mode register during event counter mode. In event Timer BO mode register  5Bi¢ 
counter mode, the bit 0 in the tiimer Bj mode register must Timer B1 mode register 5Ci¢ 
be “1” and bit 1 must be “0”. The input signal from the Timer B2 mode register 5Di¢ 
TBjix pin is counted when the count start flag is “1” and | 
counting is stopped when it is “O”. | 0 0 : Always “00” in timer mode 
Count is performed at the fall of the input signal when bits SSS ener iced 1a imemnodosand 
2 and 3 are “0”, and at the rise of the input signal when bit may be any 
3 is “0” and bit 2 is “1”. X : Not used in timer mode 
‘When bit 3 is “1” and bit 2 is “0”, count is far sense at the Clock source selection 
rise and fall of the input signal. 00 : Select f, 
Data write, data read and timer interrupt are peviomed in . 01 : Select fre 


10 : Select fea 


the same way as for timer mode. 11 2 Select fers 





(3) Pulse period measurement/pulse width 
measurement mode [10] 

Figure 30 shows the bit configuration of the timer Bj mode 

register during pulse period measurement/pulse. width 

measurement mode. 


Fig.28 Timer Bi mode register bit configuration during 
timer mode 


-In pulse period measurement/pulse width measurement imareeiiede oie 
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 76543210 f Timer B1 mode register 5Ci¢ 
are used to select the clock source. The selected clock is xIx| xP] | | 0} 1 
counted when the count start flag is “1” and counting stops a 
when it is “0”. : a “01” in event counter 
The pulse period measurement mode is selected when bit : Count at the falling edge of 
3 is “O”. In pulse period measurement mode, the selected input signal 
clock is counted during the interval starting at the fall of the “ ae ei ca 
input signal from the TBjin pin to the next fall or at the rise : Count at the both falling edge 
of the input signal to the next rise and the result is stored in and rising edge of input signal 
the reload register. In this case, the reload register acts as | 
a buffer register. XXX : Not used in event counter 


mode 
When bit 2 is “0”, the clock is counted from the fall of the 


input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 





Fig.29 Timer Bj mode register bit configuration during 
event counter mode 


the next fall, counting is performed as follows. As shown in Address 
Figure 31, when the fall of the input signal from TBjy pin is pag BO mode register 5Bie 
detected, the contents of the counter is transferred to the Timer B1 mode register —5Ci¢ 


reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 00) Goune teen anenaliing edge ol input 
to the reload register once more, the counter is cleared, signal to the next falling one 
and the count is started. The period from the fall of the in- 0 1 : Count from the rising edge of input 
put signal to the next fall is measured in this way. ene tg wie nem Menge 


1 0 : Always “10” in pulse period measure- 
ment/pulse width measurement mode 


1 0 : Count from the falling edge of input 
signal to the next rising one and from 
the rising edge to the next falling one 


Timer Bj overflow flag 
Clock source selection 
00 : Select f, 

01 : Select fis 

10 : Select fe4 

11 : Select fs12 





Fig.30 Timer Bj mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bj interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that clock is 
counted from the fall of the TBj,y pin input signal to the next 
rise or from the rise of the input signal to the next fall as 


Selected clock source fj 


Reload register +- counter 


Count start flag 


Interrupt request signal 


Fig.31 Pulse period measurement mode operation 


shown in Figure 32. 

When timer Bj is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBjin pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reach 0000,.. 
This flag is cleared by writing to corresponding timer Bi 
mode register. 





(example of measuring the interval between the falling edge to next falling one) 


Selected clock source fj 


Reload register «— counter 


Count start flag 


—t 


| 


Interrupt request signal ana ania ins ie 


Fig.32 Pulse width measurement mode operation 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. 

Figure 33 shows a block diagram of the serial !/O ports. 
Bits 0, 1. and 2 of the UARTi(i=0, 1) Transmit/Receive 
mode register shown in Figure 34 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (UART) serial I/O port us- 


ing start and stop bits. 

Figures 35 and 36 show connections of receiver/transmitter 
according to the mode. 

Figure 37 shows the bit configuration of the UARTi transmit/ 
receive control register. 

Each communication method is described below. 


EERE EEEEREE SEE Receive buffer register 


UARTO (Addresses 3716 and 366) 
UART1 (Addresses 3Fi¢ and 3E4,) 


Receive register 


UART receive 


1/16 Divider 


Clock synchronous 


1/16 Divider 


Clock synchronous 


Clock source selection Bit rate register 
else UARTO( Address 313.) 


UART1( Address 394.) 
Internal 


; Divider 
Clock synchronous( Internal clock) 


N 


CTSi/RTSi 


Fig.33 Serial 1/O port block diagram 


-Address 
(ce Transmit/Receive mode register 3018) 
UART1 Transmit/Receive mode register 38,, 
Serial communication method selection bit 
00 0 : Parallel port 
: Clock synchronous 
: 7-bit UART 
: 8-bit UART 


765432190 


Internal clock/External clock selection bit 
0 : Internal clock 
1 : External clock 
Stop bit length selection bit 
0 : 1 stop bit 
| 1 : 2 stop bits 
Even/Odd parity selection bit 
0 : Odd parity 
1 : Even parity 
Parity enable selection bit 
0 : No parity © 
1: With parity 
Sleep selection bit 


0 : No sleep 
1 : Sleep 


Fig.34 UARTI Transmit/Receive mode ee bit 
configuration 


Clock synchronous 
Internal clock) 

1/2 Divider Clock synchronous 
(External clock) o 





O Receive clock 
Ri n= 
5 | ‘ porcieit 


UART transmission] 


Transmission clock 
= 
: | 

T,Dj 


Transmission register }—( ) 


pe SP Transmission buffer register 


UARTO (Addresses 3316 and 3246) 
UART1 (Addresses 3By, and 3Aj,) 
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CC 


pa oLeel theely? es fL_It Ea Mrepister 
bit tJ 


mL ie ens 
7-bit 
1 stop bit No lial 8-bit Synchronous 


Synchronous 





Fig.35 Receiver block diagram 


Data bus(even). 


buffer register 
2 stop bits Parity i Ca 


“Q” Stop Stop] O & bi 
bit bit ov O 
Saris -bi Transmission 
register 


TyDj 


1 stop bit Synchronous 


“Q” 





Fig.36 Transmitter block diagram 


Address 
Gate transmit/receive control register 0 aA 
UART1 transmit/receive control register 0 3Ci¢ 


Clock source selection 
00 : Select f. 
01 : Select fi, 
10 : Select fe4 
11 : Select fs12 
CTS, RTS selection bit 
0 : Select CTS 
1 : Select RTS | 
Transmission register empty flag 
Address 
eo transmit/receive control register 1 aol 
UARTT transmit/receive control register 1 3D, 
Transmit enable flag 
Transmit buffer empty flag. 
Receive enable flag 
Receive completion flag 
Overrun error flag 


Framing error flag 
Parity error flag 


Error sum flag 





Fig.37 UARTi Transmit/Receive control register bit configuration 


¢ MITSUBISHI ~~ 





MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 
A case where communication is performed between two 
clock synchronous serial I/O ports as shows in Figure 38 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) | 
Bit 0 of the UART] transmit/receive mode register and 
UARTk transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 
Bit 3 of the UART] transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 
‘The clock source is selected by bit 0 (CS 9) and bit 1 
(CS,) of the clock sending side UART; transmit/receive 
control register 0. As shown in Figure 33, the selected 
clock is divided by (n+1), then by 2, passed through a 
transmission control circuit, and output as transmission 
clock CLKj. Therefore, when the selected clock is fi, 

Bit Rate=fi/ {(n+1) x2} 
On the clock receiving side, the CS, and CS, bits of the 
UARTk transmit/receive control register 0 are ignored be- 
cause an external clock is selected. 
The bit 2 of the clock sending side UARTj transmit/receive 
control register 0 is clear to “0” to select CTS; input. The 
bit 2 of the clock receiving side is set to “1” to select RTS 
output. CTS, and RTS signals are described later. 


Transmission 
Transmission is started when the bit 0 (TEj flag) of UART; 


transmit/receive control register 1 is “1”, bit 1 (Tj flag) of | 


one is “0”, and CTSj input is “L”. As shown in Figure 39, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 


contents of the transmission buffer register is transferred to. 


the transmission register. | 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTS; input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored unit data transmission completes. Therefore, trans- 
mission is not interrupt when CTSj input is changed to “H” 





during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTS; is checked while the Tenp; signal shown in 
Figure 39 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “0” before 
the Tenp; signal goes “H”. : 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenp; | 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. 


Receive : 

Receive starts when the bit 2 (RE, flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 

The RTS, output is “H” when the REx flag is “O” and goes 
“L” when the RE, flag changed to “1”. It goes back to “H” 








_when receive starts. Therefore, the RTSk output can be 


used to determine whether the receive register is ready to 
receive. It is ready when RTS k output is “L”. 

The data from the RxD pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to “H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rik 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rl flag indicates that 
the receive buffer register contains the received data. At 
this point, RTS, output goes “L” to indicate that the next 
data can be received. When the Rik. flag changes from “0” 
to “1”, the interrupt request bit in the UART, receive inter- 
rupt control register is set to “1”. Bit 4 (OER k flag) of 
UARTk transmit/receive contro! register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rlk flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. . 
Rlk and OERk flags are cleared automatically to “0” when 
the loworder byte of the receive buffer register is read. The 
OERk flag is also cleared when the REx flag is cleared. Bit 
5 (FER flag), bit 6 (PERk flag), and bit 7 (SUMk flag) are 
ignored in clock synchronous mode. 

As shown in Figure 33, with clock synchronous serial com- 








' munication, data cannot be received unless the transmitter 


is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UART}. 
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UARTj transmission register 


UART} transmission buffer register 


UART) receive buffer register 


UART}j receive register 


UART| transmit/receive mode register 
olx[x}xfofofo}r 


UART}j transmit/receive control register 0 


PDD Deri | 9 [esses 


UART, transmission register 


UART, transmission buffer register 


UART receive buffer register 


UART receive register 


UART, transmit/receive mode register 
ox [x[ xs fojofi 


UART, transmit/receive control register 0 


DODD ert] P< 


UART} transmit/receive control register 1 UART  transmit/receive control register 1 


purer [ren oer) mv [re | m [re ] sumer |ren oer] mi [we | v | re | 





Fig.38 Clock synchronous serial communication 


—>}—_}<-1/f, X (n+1) X2 


Transmission clock 


TEj 


Tj « ® 


Write in transmission buffer register Transmission register+-Transmission buffer register 


>< 1/f}X (n+1)X2 Stopped because TEj=“0” 


a ed es 
DKDXOIDIXDIXOHKOKOr_KDoXDIXDAXOIKDNOSHONO7 Pops XD2 ADsXDaXVsKONOz 
ee eee eee 


Fig.39 Clock synchronous serial I/O timing 





¢ MITSUBISHI ae 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





ASYNCHRONOUS SERIAL 
COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
Clock. If bit 3 is “O”, an internal clock is selected and if bit 3 
is.“1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTi trans- 
mit/receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKj pin can be used as a 





Transmission clock 


TEj 





Ti ‘ 
CTSj 


Tenpi 


Start bit Parity bit 


TxEPTY; 


ea ae ae (1/5 oF 1/texr)X(n +1) X16 


Write in transmission buffer register Transmission register--Transmission buffer register 


Stop bit 


TxD} STADoXDiKDz2XDXDaKDsXDeXD7K SP\STADoKD1XD2KDsXDaXDsXDgXD7X PY SP 
i a || Le ene cana: Sree 


normal I/O pin. 
The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 
fexr, 

Bit Rate=(fi or fexr)/ {(n +1) X16 
Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 
The bit 5 is a selectiion bit of odd parity or even parity. 
In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 
In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 












Stopped because TEj=“0” 


STA DoXD;) 







Fig.40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


$f (1/4 or 1/fexrX(n-+1) X16 


Transmission clock 


TEj 


Tij D 
Write in transmission buffer register 


TEnbi 
Start bit 


Stop bit Stop bit 


Transmission register--Transmission buffer register 


Stopped because TEj=“0" _ 


TDi STAEQXE KONE ONKOQONOKDGY SP SP\STADNXOXOHOHD OHO} SP SP \sTADNXDXD- 


TxEPTY} 





NN i 


Fig.41 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is parity bit selection bit which indicates whether to 
add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTIi transmit/receive control register 0 bit 2 is used 
to determine whether to use CTSj input or RTS; output. 
CTS§j input used if bit 2 is “O” and RTS; output is used if bit 
2 is “1”. 

If CTS; input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 








Transmission 

Transmission is started when the bit 0 (TEj flag) of UARTI 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “0”, and CTSj input is “L” if CTS; input is selected. As 
shown in Figure 40 and 41, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTIi transmit/receive mode register. The data is output 
from the least significant bit. 

The Tlj flag indicates whether the transmission buffer is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 





fj OF fext 


Once transmission has started, the TE; flag, Tlj flag, and 
CTS; signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TE; flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenp; signal shown in 
Figure 40 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to 0 before 
the Tenpi signal goes “H”. 

The bit 3 (TxEPTY; flag) of UARTi transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpi 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTi transmission interrupt control regis- 
ter is set to “1”. 


Receive 

Receive is enabled when the bit 2 (REj flag) of UARTi 
transmit/receive control register 1 is set. As shown in Fi- 
gure 42, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 


OOOO 


REj ee, 


Start bit 
Starting at the falling) Check to be “L” level 


edge of start bit 
Receive clock 4 


Rij 





Stop bit 


Get data 


Fig.42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTS} output is selected by setting the bit 2 of UARTI 
transmit/receive control register 0 to “1”, the RTS; output is 
“H” when the R&j flag is “0”. When the REj flag changes to 
“1”, the RTS; output goes “L” to indicate receive ready and 
‘returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTi transmit/receive control register 1 is set. In other 
words, the Rj flag indicates that the receive buffer register 
contains data when it is set. If RTS; output is selected, RTSj 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTi receive interrupt 
control register is set when the Rlj flag changes from “0” to 
oe hae 

The bit 4 (OERj flag) of UARTi transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER;j flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. Bit 5 
(FER; flag) is set when the number of stop bits is less than 
required (framing error). | 

Bit 6 (PER; flag) is set when a parity error occurs. 

Bit 7 (SUM; flag) is set when either the OER; flag, FER; 
flag, or the PER; flag is set. Therefore, the SUM; flag can 
be used to determine whether there is an error. 

The setting of the Rlj flag, OERj flag, FER; flag, and the 
PER; flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj, 
OERj, FER}, and SUMj flags are cleared when the low 
order byte of the receive buffer register is read or when 
the REj flag is cleared. 





Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial 1/O. 

The sleep mode is entered when the bit 7 of UARTIi trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asynchronous communication) of the received data is 
“0”. Also the Rij, OER;|, FERj, and the SUM; flag are un- 
changed. Therefore, the interrupt request bit of the UARTIi 
receive interrupt control register is also unchanged. 
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Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data with 
software, clears the sleep bit if bits 0 to 6 are its own 
address and sets the sleep bit if not. Next the main micro- 
computer sends data with bit 7 cleared. Then the micro- 
computer with the sleep bit cleared will receive the data, 
but the microcomputer with the sleep bit set will not. In this 
way, the main microcomputer is able to communicate with 
only the designated microcomputer. 
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A-D CONVERTER 


The A-D converter is an 8-bit successive approximation 76543210 Address 
converter. A-D control register E16 
Figure 43 shows a block diagram of the A-D converter and AAaibg InGukselsatA BE 
Figure 44 shows the bit configuration of the A-D control 000: Select ANo 
register. The frequency of the A-D converter operating 001 : Select AN, 
clock ¢?ap is selected by the bit 7 of the A-D control regis- ; ; pee a 
ter. When bit 7 is “O”, dap is the clock frequency divided by 100 : a AN, 
8. That is ?ap=f(Xiy)/8. When bit 7 is “1”, dap is the clock 101 : Select ANs 
frequency divided by 4 and ¢ap is=f( Xin) /4. The dap dur- 11 0 : Select ANg 
‘ ; Sees 111 : Select AN, 
ing A-D conversion must be 250KHz minimum because the ADD operation mode selection bi 
comparator consists of a capacity coupling amplifier. 60° Onexshot mode 
The operating mode is selected by the bits 3 and 4 of A-D 0 1 : Repeat mode 
control register. The available operating modes are one- 10 - Single sweep mode 
é 1 1 : Repeat sweep mode 

shot, repeat, single sweep, and repeat sweep. Trigger selection bit 
The bit of data direction register bit corresponding to the 0 - Sofware trigger 
A-D converter pin must be “0” (input mode) because the 1 : ADrag input trigger 
analog input port is shared with port P7 BP Conelslonstanileg 

g pu P P — 0 : Stop A-D conversion 
The operation of each mode is described below. 1 -<Siak AcD eonversion 


Frequency selection flag 
0 : Select f(Xin)/8 
_1 : Select (Xin) /4 





Fig.44 A-D control register bit configuration 


A-D conversion speed selection 


0&9) C : po PP 


| Ladder network 


A-D register 5 (2Ai¢) : ; 
A-D register 6 (2C,,) omparator 
A-D register 7 (2E16 





Fig.43 A-D converter block diagram 
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(1) One-shot mode [00] 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a. 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
a ae | 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢,p cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADyrg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANg to ANg because the 
ADrre pin is shared with the analog voltage input pin AN/7. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. | 








(2) Repeat mode [01] 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion dose not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. | 


(3) Single sweep mode [10] 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and O of the A-D sweep pin selection register 
(address 1F,,) shown in Figure 45. Two pins, four pins, six 
pins, or eight pins can be selected as analog input pins, 
depending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. — 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 





start flag) is set. When A-D conversion of all selected pins 


end, an interrupt bit is set In the A-D conversion interrupt 
control register. At the same time, A-D control register bit 6 
(A-D conversion start flag) is cleared and A-D conversion 
stops. | 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADyapg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADryrg pin is shared with AN; pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. - 








(4) Repeat sweep mode [11] 

The difference with the single sweep mode is that A-D 
conversion dose not stop after converting from the ANg pin 
to the selected pins, but repeats again from the ANg pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 


A-D sweep pin Address 


selection register 1Fi6 


> ANo , AN, (2 pins) 
: ANo~ANsg (4 pins) 
: ANo~ANs (6 pins) 
: ANo~AN;7 (8 pins) 


Fig.45 A-D sweep pin selection register configuration 
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DMA CONTROLLER 

The DMA (direct memory access) controller is a 4-channel 
controller that is provided to carry out data transfer from 
memory to memory, memory to !/O, or I/O to memory at 
high speed without using the CPU. 

Figure 46 shows the DMA controller block diagram. Figure 
47 shows the DMA control related register memory map. 
Figure 48 shows the DMAC control register bit configura- 
tion. 

The DMAC control register consists of 16 bits. Bit 0 is a 
priority selection bit and bit 1 is a terminal count TC pin 
validity bit. Bits 4 through 7 are DMA request flags. These 
bits can be read to determine whether DMA requests occur 
on individual channels. Bits 8 through 11 are software DMA 
request bits, and used to be occured the DMA request by 
software. Bits 12 through 15 are DMA permission bits. The 


DMA request is accepted only when the DMA permission 
bits are “1”. All these bits default to 0 upon resetting. 

Figure 49 shows the DMAi control register (i=0 to 3) bit 
configuration. Each channel of the DMAi control register 
consists of 8 bits. Bits 0 through 3 are used for DMA re- 
quest source selection. 

Bit 4 determines whether the edge or level sensing func- 
tion is to be used for selecting the source of the request 
from the DMA request input DMAREQi pin. Bit 5 is a DMA 
acknowledge output DMAACKi pin validity bit. When this 
bit is “0”, the DMAACKi pin is invalid. When the bit is “1”, 
on the other hand, the pin is valid. 

Figure 50 shows the DMAi mode register bit configuration. 
Each channel of the DMAi mode register (i=0 to 3) con- 
sists of 16 bits. Further details are given below. 


Address bus 


ox Decrementer 


Sees eee FD 
[nie coreegaerTORTinaoroenmerTech EN 
[rere Tonner neoreamer Tae FN 
[render canine ToraanteraonomerToco 5) 


— Data bus low order 


Fig.46 DMA controller block diagram 





¢ —] Incrementer/decrementer 
Source address register SARO/transfer parameter register TPRO i 


[Destnaton eases egiter ARO 
oo 
[Sas er or stent swan Te_F 
LN sts aaa baRe 


Source address register SAR3/transfer parameter register TPR3 a 


Destination address register DAR3 ap, 
DMA latch high order DMA latch low order 
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Address( Hexadecimal notation) 









Fig.47 DMA controller related register map 
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| | | Address(Hexadecimal notation) 
001FDO Source address register 1 L 001FFO 
001FD6 Destination address register 1H 001FF6 
OO1FDA Transfer counter register 1H OO1FFA 
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10 9 8 3 2 1 #0 


15 14 13 12 #11 7 6 5 4 
Pt Ty tT dy dL EL Rx I DMAC control register H, L(addresses 6946, 6816) 


Priority selection bit 

0 : Fixed 

1 : Rotative 

Terminal count pin validity bit 

0 : Invalid. P103 is a normal !/O port 
1 : Valid. P10 functions as the TC pin 
DMA request flag 

0 : No request 

1 : Request 

Bit 4: Channel 0 

Bit 5: Channel 1 

Bit 6: Channel 2 

Bit 7: Channel 3 


Software DMA request bit 
. The DMA request is generated when software DMA source is 
selected, and the value “1” is written into this bit 
Bit 8: Channel 0 
Bit 9: Channel 1 
Bit 10 : Channel 2 
Bit 11° Channel 3 
DMA permission bit 
0 : Prohibited. 
1 : Permitted. 
Bit 12 : Channel 0 
Bit 13 : Channel 1 
Bit 14 : Channel 2 
Bit 15 : Channel 3 





Fig.48 DMAC controll register bit configuration 


Address 


DMAO control register(address 1FCE;,) 
DMA‘1 control register(address 1FDE1,¢) 
DMA2 control register(address 1FEE,,) 
DMAS control register(address 1FFE;,) 


DMA request source selection bit 

0 0 0 0 : Prohibited. Timer BO 
0001 : External source(DMAREQi). : Timer B1 

0 0 10 : Software DMA source. Timer B2 
0011 : Timer AO : UARTO receive 
0100 : Timer A1 : UARTO transmit 
0101 : Timer A2 : UART1 receive 
0110 : Timer A3 : UART1 transmit 
0111 : Timer A4 : A-D conversion 
Edge sense/level sense selection bit 

0 : Edge sense 

1 > Level sense 

DMAACKi validity bit 

0 : Invalid 

1 : Valid 





Fig.49 DMAi controll register bit configuration 
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10 9 8 


15 14 13 12 «+11 7 6 5 4 3 2 1 «0 








Fig.50 DMAi mode register bit configuration 





. Address 
DMAO mode register H, L 1FCD4¢, 1FCCi¢ 
DMA1 mode register H, L 1FDD46, 1FDCi¢ 
DMA2 mode register H, L 1FED;.¢, 1FECi, 
DMAS mode register H, L 1FFDi6, 1FFCi¢ 
Number-of-unit-transfer-bits selection bit 
0 : 16 bits 
1 : 8 bits 


Transfer method selection bit 
0 : 2 bus cycle transfer 
1 : 1 bus cycle transfer 


Transfer mode selection bit 
0 : Burst 
1 : Cycle stealing 


(Spare) 
Fix to “O” 


Transfer source address change direction selection bit 
0 0 : Fixed 

0 1 : Forward 

10 : Backward 

1 1 * Prohibited 


Transfer destination address change direction selection bit 
0 0 : Fixed 

0 1 : Forward 

1 0 : Backward 

1 1 : Prohibited 


Transfer direction selection bit(1 bus cycle transfer method) 
0 : From memory to 1/O 


_ | 2 From 1/O to memory 


Always “0” at 2 bus cycle transfer 


1/O connection selection bit(1 bus cycle transfer method) 
0 : Data bus low order 
1 : Data bus high order 


(Spare) 
Fix to “O” 


Transfer source wait bit(DMA transfer method) 
0 : Wait 
1 : No wait 


Transfer destination wait bit(DMA transfer method) 
0 -? Wait 
1 : No wait 


Continuous transfer mode selection bit 
0 0 : Normal! transfer 

0 1 : Repeat transfer 

1 0 : Array chain transfer 

11 °: Link array chain transfer 
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Pin descriptions _ 

The DMAREQi, DMAACKi, and TC pins are used for DMA 
transfer. 

DMAREQi (i=0 to 3) is a DMA request input pin, and port 
P9,, P93, P95, and P97 share with DMAREQO, DMAREQ1, 
DMAREQ@Q2 and DMAREQ3 pins respectively, and used 
when a request for DMA transfer is made from external 
equipment. When the DMAi control register DMA request 
source selection bits (bits 3 through 0) are set to “0001”, 
the input from this pin becomes the DMA request signal. To 
use the DMAREQi pin function, set the associated bit of the 
port P9 direction register to input. 

DMAACKi (i=0 to 3) is a DMA acknowledge output pin, 
and port PQ, P92, P9, and P9, share with DMAACKO, 
DMAACK1, DMAACK2 and DMAACK3 pins respectively. 
When bit 5 (DMAACKi validity bit) of the DMAi control reg- 
ister of each channel is set to “1”, DMAACKi serves as the 
dedicated DMAACKi signal output pins. During DMA trans- 
fer, the operating channel acknowledge signal output is 
generated no matter whether the 1 bus transfer or 2 bus 
transfer method is employed. When the acknowledge sig- 
nal is not to be used, set the DMAACKi validity bit to “O” so 
that DMAACKi can be used as the I/O pin. 

TC is a terminal count pin and TC pin shares with port 
P103. When the value “1” is written at bit 1 of the DMA con- 
trol register, the TC pin takes effect. At this time, the TC 
pin serves as the N-channel open drain output terminal. 
When the transfer counter register or transfer block counter 
value is “0”, the TC pin generates a one-cycle ¢“L” level 
output. 

‘When the TC pin validity bit is “1”, any ongoing channel 
DMA transfer can be stopped by changing the level of the 
input from the TC pin from “H” to “L”. 


Data transfer method 

Two different data transfer method are used: two bus cycle 
transfer and one bus cycle transfer. The two bus cycle 
transfer method is effective for memory-to-memory data 
transfer, whereas the one bus cycle transfer method is 
effective for memory-to-l/O or I/O to memory data transfer. 
Two transfer method are detailed below. 


(1) Two bus cycle transfer 

When bit 1 of the DMAi mode register shown in Figure 50 
is set to “0”, the two bus cycle transfer method is selected. 
This method accomplishes one unit of transfer by perform- 
ing one reading bus cycle and one writing bus cycle. One 
unit of transfer refers to the number of bits that can be 
transferred by one DMA transfer operation. It is determined 
by bit 0 of the DMAi mode register. When the bit is set to 
“O”, one transfer unit consists of 16 bits (2 bytes). When 
the bit is “1”, on the other hand, one transfer unit consists of 
8 bits (1 byte). 

At two bus cycle transfer, bit 8 of DMAi mode register must 


ae SR 


be “OQ”. 

Figure 51 shows an example of two bus cycle transfer. In 
the reading cycle, the transfer source (memory 1) address 
is output to the address bus, its address data is read in 
one-transfer units, and stored in the DMA controller DMA 
data latch (16-bit). In the writing cycle, on the other hand, 
the transfer destination address is output to the address 
bus and the data stored in the DMA data latch is written at 
the transfer destination (memory 2) address. If the read/ 
write operation is not completed by one session, it is di- 
vided into two sessions (for details see under Bus cycle at 
DMA transfer). 

When two bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op- 
erations cannot be performed. 

1. The transfer source and destination are DRAM, and an 
odd-numbered address designated as the first address for 
the backward transfer source address change direction. 

2. The transfer destination is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer destination address change direction. 


(2) One bus cycle transfer 

When bit 1 of the DMAi mode register is set to “1”, the on 
bus cycle transfer method is selected. 
When data transfer is to be made between I/O and mem- 
ory, this system reads from memory at the same time it 
writes into I/O, or vice versa, to carry out data transfer at 
high speed. Bit 8 of the DMAi mode register determines 
whether one bus cycle transfer is to be made from memory 
to I/O or from I/O to memory. When this bit is set to “O”, 
data transfer is made from memory to I/O. When the bit is 
“1”, on the other hand, data transfer is made from !/O to 
memory. 

Figures 52 through 55 show examples of one bus cycle 
transfer. Figure 52 shows a memory-to-I/O DMA transfer in 
cases where the transfer is effected in 16-bit units with an 
external bus width of 16 bits employed. The memory 
(transfer source) address is output to the address bus. The 
R/W signal is “H”, and the BLE and BHE signals are “L”. 
The read operation is performed at both even- and odd- 
numbered addresses. This ensures that the memory data is 
read into the data bus high-order area (Dg~Dj,5) and low- 
order area (Dp ~ D7). At the same time, chip selection is 
made in accordance with the acknowledge signal from the 
DMAACKi pin, and the data read from memory is directly 
acquired when the E signal level rises. In this manner, data 
is transferred from memory to I/O in one bus cycle. 

In data transfer from I/O to memory, chip selection is made 
according to the acknowledge signal from the DMAACKi 
pin and data is read into the data bus from |/O. At the same 
time, the memory (transfer destination) address is output to 
the address bus, and the R/W signal goes Low to write 
data into memory. To receive the one bus cycle transfer 
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service for DMA purposes, however, the external circuitry 
must be formed in such a manner that the read and write 
signal inputs for 1/O are the reversal of the M37720S1AFP’s 
read and write signal outputs. Figure 53 shows the data 
transfer data flow of Figure 52. 

When the address changes in forward direction, data 1 and 
data 2 are transferred to the I/O’s 8 low-order bits and 8 
high-order bits, respectively, in the first cycle of DMA 
transfer. In the next cycle of DMA transfer, data 3 and data 
4 are transferred to the !/O’s 8 low-order bits and 8 high- 
order bits, respectively. In this manner, the memory data 
are sequentially transferred to the 1/O. 


Read cycle 


DMA data latch 


M37720S1AFP 


If the address changes in backward direction, on the other 
hand, data 10 and data 9 are transferred to the I/O’s 8 
high-order bits and 8 low-order bits, respectively, in the 
first DMA transfer cycle. 

When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, as shown in Fi- 
gure 52, 16 bits of data are simultaneously read into the 
data bus. Therefore, determine the transfer start address so 
that transfer begins with an even-numbered address when 
the address change mode is forward or that transfer begins 
with an odd-numbered address when the address change 
mode is backward. 


Memory 1 low order 
Memory 1 high ordr 
Memory 2 low order 
Memory 2 high order 


Write cycle 


DMA data latch 
M37720S1AFP 


Fig.51 Two bus cycle transfer example 





Memory 1 low order 
Memory 1 high order 


Memory 2 low order coe 
Memory 2 high order Syeh aut Soe 3 
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Internal 

clock ¢ = ne —_— 
Oat a as Data bus low order 

| ala (iow 

| order) flow Address Memory address YX 
DMAAC Ki 


al ss Ba 


Jata (high order) flo igh order 
‘Data (high order) flow] Data bus high o 
n 





R/W 


M 
3 
7 
7 
2 
0 
S 
1 

A 
F 
P 


Memory low order 
Memory high order 
\/O low order 

1/O high order 


Address bus 
DMAACKi 


When transfer is effected in 16-bit units with an 
external bus width of 16 bits employed 





Fig.52 1 bus cycle transfer example(memory to |/O)(1) 


Data (X) Low-order 8 bits 


Even address 


Data (X+1) High-order 8 bits 


@ |© 16 16/1 16 16 18 |e |O 


Backward 


Data (X) Low-order 8 bits 


Data (X+1) High-order 8 bits 


© 19 19 18 | |© |@ |@ 





Fig.53 | Data flow at the date transfer 
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Figures 54 and 55 indicate the cases where transfer is 
made in 8-bit units with an external bus width of 16 bits 
employed. 

Figure 54 shows the cases where an external bus width of 
16 bits is employed with the I/O connected to the 8 low- 
order bits only. Connect the odd-numbered address 
memories to data bus high-order area (Dg~Dj5) and the 
even-numbered address memories to data bus low-order 
area (Dy ~ D7). When data is transferred from an odd- 
numbered memory address to I/O, the data is read from 
the memory high-order to the data bus high-order. The 
read data first goes into the chip, is copied by the DMA 
controller to the data bus low-order, and then output out- 
side. Therefore, the data output to the data bus low-order is 
the same as that for the high-order. For the I/O, chip selec- 
tion is made according to the DMAACKi signal so that the 
data output to the data bus low-order is acquired. When 
data is transferred from an even-numbered address mem- 
ory to I/O, the data read from the memory low-order is 
directly acquired by the I/O. At this time, M37720S1AFP 
_ data bus pins Dg to D; are floating. 


Data flow of odd address _ Internal 
Pe eee Data bus high order | | rd a 
Dat Address Memory (even) addresS_ 


DMAACKi 


(paar | 


R/W 


Data bus high 
order 


UVNP—$DVNoOoWNwS 


ew 
tee 
s 3 . 
5 s 3 
3 > 2 
Pm x= 4 
rad > 2 
{o) re) O 
= £ XN 
® @ Te 
Ss 


Data bus low 
order 


- 


Address bus 


When transfer is effected in 8-bit units with an external bus width 
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Figure 55 shows the case where the I/O is connected to Table 5. Data bus conditions for one bus cycle 
the 8 high-order bits only. When data is transferred from an DMA transfer 


odd-numbered memory address to I/O, the data read from Ee temal.| “TrANsler ices bee 0 
the memory high-order is directly acquired by the I/O. At bus width 


this time, M37720S1FP data bus pins Dg through D;.5 are | 16-bit | 16-bit | 0 | oO | 
floating. When data is transferred from an even-numbered | 16-bit | 16-bit | o | oO | 
memory address to I/O, the data is read from the memory | 16-bit PeOret 4 
low-order to the data bus low-order. The read data first Oe ae 
goes into the chip, is copied by the DMA controller to the 16-bit fi a 
data bus high-order, and then output outside. The I/O ac- ie | sO 
quires that data. In one bus cycle transfer, data bus pin (Do p20 | 
~D-, Dg~D5) 1/O changeover is automatically effected to 
initiate DMA transfer no matter whether the 8-bit I/O is 
connected to the low-or high-order of the data bus. In the 
above data copy between the chip’s internal data buses, 
there is limitation on the transfer rate. 

When one bus cycle transfer is effected with an external 
bus width of 8 bit, |/O connection selection bit must be “QO”. 
When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op- 
eration cannot be performed. 

1. The object memory is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer address change direction. Figure 56 shows the 
data bus status when one bus cycle transfer is made under 
the conditions indicated in Table 5. 
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DMA request sources 

One out of fifteen DMA request sources can be selected 
for each channel. There are a total of fifteen DMA request 
sources. The internal DMA request sources are the A-D 
conversion, UARTO transmit/receive, UART1 transmit/re- 
ceive, timer A4, timer A3, timer A2, timer A1, timer AO, tim- 
er B2, timer B1, timer BO and the software DMA source by 
programs. The external DMA request source is one associ- 
ated with DMAREQi pin input. For DMA request source 
selection, use the DMAi control register DMAi request 
source selection bits (bits 0 through 3) as shown in Figure 
49. Table 6 indicates the contents of the bits and DMA re- 
quest sources. The request timing is the same as that for 
interrupt. 

When the software DMA source is selected with the DMA 
request source selection bits, the DMA request flag is set 
to “1” by writing the value “1” for the DMAC control register 
software DMA request bits (bits 8 through 11). When the 
DMA request flag is “1”, the software DMA request bits are 
automatically cleared. When the external source is 
selected with the DMA request source selection bits, the 
input from the DMAREQi pin sets the DMA request flag to 
“1”. The DMA transfer request will not be accepted until 
both the DMAC control register DMA permission bit and 
DMA request flag are “1”. Therefore, if the DMA permission 
bit is “O” while the DMA request flag is “1”, the DMA re- 
quest will not be accepted. Note that DMA permission bit is 
cleared to “O” upon resetting. Therefore, after DMA transfer 
parameter and other data setup, set to “1” the DMA per- 
mission bit of a DMA channel to be rendered valid. This 
assures that the transfer request bit of that channel takes 
effect, making is possible to effect DMA transfer. 


Table 6. Relationship between DMA request source selection 
bits (bits 3 to 0) and DMA request sources 


Prohibited 
External source (DMAREQi) 


Software DMA source 
Timer AO 
Timer Ai 
Timer A2 


Timer A4 
Timer BO 


UARTO receive 
UARTO transmit 


UART1 receive 
UART1 transmit 
A-D conversion 








joy 
w 











































Transfer mode 

Two DMA transfer modes are available: burst transfer mode 
and cycle steal transfer mode. Mode selection is made 
variously for all channeles, using bit 2 of the DMAi mode 
register. When this bit is set to “O”, the burst transfer mode 
is selected. This mode is automatically selected upon re- 
setting. 


(1) Burst transfer mode 
When a DMA request is request is received from a certain 
channel in the burst transfer mode, the DMA request from. 
another channel will not be accepted until the DMA transfer 
on the former channel is completed. In the burst transfer 
mode, either the edge sense or level sense mode can be 
selected only when the input from the DMAREQi pin 
(external source) is chosen as the request source. 
When DMAi control register bit 4 is set to “0”, the edge 
sense mode is selected. The edge sense mode is auto- 
matically selected upon resetting. In the edge sense mode, 
the DMA request flag is set to “1” when the input from the 
DMAREQi pin falls. In the burst transfer edge sense mode, 
the DMA request flag is cleared to “0” when any of the fol- 
lowing conditions is met. 
1. The channel i DMA permission bit is cleared to “0” 
(forced termination of transfer). 
2. The channel i DMA request flag is cleared to “OQ”. 
3. Channel i DMA transfer is wholly terminated. 
4. The “L” level is entered to the TC pin during channel i 
transfer execution (forced termination of transfer). 
Figure 57 shows an example of edge sense mode burst 
transfer. In this example, the DMAREQi pin input (external 
source) is chosen as the DMA request source. When the 
DMAREQi pin input changes from the “H” to “L” level dur- 
ing CPU operation, the DMA request flag is set to “1” and 
the DMA controller acquires the right of bus use and initi- 
ates transfer. From high to low, the bus use priority is for 
DRAM refresh, HOLD, DMA controller, and CPU. Therefore, 
if the request is made by the DRAM refresh, which has a 
higher priority than the DMA controller, the DMA controller 
halts any ongoing transfer operation at the end of the cur- 
rent transfer cycle and transfers the bus use right to the 
DRAM controller as shown in Figure 57. Upon getting the 
bus use right, the DRAM controller generates the refresh 
cycle. When refreshing is terminated, the DMA controller 
resumes the execution of the interrupted DMA transfer at 
the point of interruption. Once a DMA request is received 
in the burst transfer mode, no request from another channel 
is accepted unless DMA transfer is entirely terminated or 
the transfer operation is brought to a forced stop. There- 
fore, even when the request flag of channel 0, which has a 
high priority, is set to “1” in the middie of transfer as shown 
in Figure 57, such a request will not be accepted (the 
priority is explained in the next section). When channel 1 
DMA transfer is completed, the bus use right is once trans- 
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ferred to the CPU, and the DMA transfer request from 
channel 0 is later accepted at the end of the current bus 
cycle. | 

When bit 4 of the DMAi control register is set to “1”, the 
level sense mode is selected. The level sense mode can 
only be used for the DMA request from the DMAREQi pin. 
When selecting other sources, be sure to select the edge 
sense mode. | 


DRAM refresh 


HOLD 


DMA controller 
CPU 


DMAREQ1 


DMAtrequestflag ff —(iti—‘“‘—s—i—‘“‘<‘<‘<—i—<isi‘<‘<C 
DMAREQO 
DMAO request eg 
Refresh request ee 





Fig.57 Edge sense mode burst transfer example 
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In the level sence mode, the DMAi request flag is set to “1” 
to initiate DMA transfer only while the DMAREQi pin input 
is “L”. If the DMAREQi pin input level returns to “H” in the 
middie of transfer, the DMA operation is interrupted at the 
end of the current transfer cycle or next transfer cycle so 
that the bus use right is returned to the CPU. At this time, 
the DMA permission bit is not cleared. When the DMAREQi 
pin input goes Low, the transfer operation is resumed at the 
address subsequent to the point of interruption. In the level 
sense mode, the DMA request flag varies only with the 
level of the input from the DMAREQi pin. Therefore, while 
the DMAREQi pin input level is Low, the DMA request flag 
remains to be “1” even if transfer is completed. 

Figure 58 shows an example of level sense mode burst 
transfer. When the channel 1 DMAREQi pin input level 
changes from “H” to “L” during CPU operation, the DMA 
request flag is set to “1” so that the DMA controller ac- 
quires the bus use right and initiates transfer. When the 


DRAM refresh 


HOLD 
DMA controller L 


CPU 


DMAREQ1 


DMAREQi pin input returns to the “H” level, the DMA1 re- 
quest flag is cleared. This causes the DMA transfer opera- 
tion to be interrupted and returns the bus use right to the 
CPU. When the DMAREQ1 pin input is returned to the “L” 
level again and the DMA1 request flag set to “1”, DMA 
transfer is resumed at the point of interruption. As with the 
edge sense mode, no transfer request from a different 
channel is accepted while DMA transfer is executed for a 
certain channel. For instance, if the channel 1 request flag 
is set to “O” and the request flag of channel 0, which has a 
higher priority, is set to “1”, the new request will not be 
accepted. When channel 1 DMA transfer is wholly termin- 
ated, the DMA permission bit is set to “0” so that the bus 
use right is transfered to the CPU. The DMA transfer re- 
quest from channel 0 is then accepted at the end of a bus 
cycle. 


a 
Channel number 


a 


DMA1 request flag | ~ | —— ae 


DMAREQO 


I EE ee ee ar 


DMAO request flag | 


Refresh request 


Fig.58 Level sense mode burst transfer example 
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(2) Cycle steal transfer mode 

When bit 2 of the DMAi mode register is set to “1”, the cy- 
cle steal transfer mode is selected. In the cycle steal trans- 
fer mode, be sure to select the edge sense mode. 

When the DMA request occurs in the cycle steal transfer 
mode, the DMA request flag is set to “1” as in the burst 
transfer mode. When the DMA request from a channel is 
accepted, DMA transfer starts. However, the DMA request 
flag is automatically cleared at the beginning of the first 
DMA transfer cycle. Therefore, if there is no channel DMA 
request at the end of one-unit transfer, the DMA controller 
returns the bus use right to the CPU. If there is a DMA re- 
quest from any channel, the DMA controller continues to 
use the bus and initiates DMA transfer for the channel. In 
the cycle steal transfer mode, the priorities of the channels 
are considered at all times to assure that the DMA request 
from a channel having the highest priority is accepted to in- 
itiate DMA transfer execution. Transfer is effected in one 
transfer unit segments. However, the DMA permission bit 


will not be cleared even if the DMA request flag is cleared. — 


Therefore, when the DMA request flag is set to “1”, transfer 
is resumed at the point of interruption. When the transfer 
counter value is “O” in normal transfer, or both of the trans- 
fer counter and transfer block counter value is “O” in array 
chain transfer, the DMA permission bit is cleared to termin- 
ate the whole DMA transfer operation. 


DRAM refresh 
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Figure 59 shows an example of cycle steal transfer. When 
the DMAREQi pin input changes from “H” to “L”, the DMA1 
request flag is set to “1” and the DMA controller acquires 
the bus use right to initiate DMA transfer. The DMA1 re- 


quest flag is cleared when the channel 1 transfer cycle 


starts. Therefore, if there is no DMA transfer request from 
the other channels, the DMA controller returns the bus use 
right to the CPU at the end of one transfer cycle. In the ex- 
ample showed in Figure 59, however, DMAO transfer cycle 
execution continues because the channel 0 request flag is 
set to “1”. When the DMAO transfer cycle is terminated, the 
DMA request flags of all channels are set to “0” so that the 
DMA controller returns the bus use right to the CPU. When » 
the DMA1 request flag is set to “1”, only one cycle of trans- 
fer operation is performed. Even if the DMA1 request flag 
is cleared at this time, the DMA1 request flag is set to “1” 
again to effect continued transfer as long as the DMAREQi 
pin input goes Low before the end of the next transfer cy- 
cle. In cycle steal transfer, the priorities of individual chan- 
nels are examined at the end of each transfer cycle. There- 
fore, if the request is sent from channel 0, which has a 
higher priority than channel 1, channel 0 transfer is ex- 
ecuted first. Further, if the refresh request is sent from the 
DRAM controller, such a request for bus use takes prece- 
dence as it has a high priority. 


Refresh cycle 


pmaorewvesttag FL 
Refresh request Sc ee ee 


Fig.59 Cycle steal transfer example 





2—234 





9 MITSUBISHI 
WAELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





Priority 

Priorities are assigned to all DMA channels. Either the fixed 
or rotative priority can be selected. When bit 0 (priority 
selection bit) of the DMAC control register is set to “0”, the 
fixed priority is selected. Note that the fixed priority is auto- 
matically chosen upon resetting. In the fixed priority, the 
channels are given fixed priorities and DMA transfer is ex- 
ecuted in the order of priority. From high to low, the priori- 
ties are assigned to channels 0, 1, 2, and 3. As indicated in 
Figure 61, the priorities are checked when the first DMA 
request is received in the burst transfer mode or at each 
cycle end in the cycle steal transfer mode. 

When bit 0 of the DMAC control register is set to “1”, the 


(1) Before the start of transfer (after resetting) 


—_ 


Channel 0 Channel 1 


(2) After completion of channel 0 transfer 


a Channel 0 —___ Channel 1 < Channel 2 —____ Channel 3 7) 


Channel 1 Channel 2 


a 


(3) After completion of channel! 2 transfer 


_— 


rotative priority is used. From high to low, the initial priori- 
ties are assigned to channels 0, 1, 2, and 3 as is the case 
with the fixed priority. When the DMA transfer for one chan- 
nel is normally terminated with the rotative priority em- 
ployed, the priorities are rotated in such a manner that the 
channel, for which transfer has just been completed, has 
the lowest priority. For example, when channel 0 transfer is 
normally terminated as shown in Figure 60, the priorities 
are rotated upon completion of transfer so that the new 
priorities are, in decreasing order, channel 1, channel 2, 
Channel 3, and channel 0. The priorities remain unchanged 
when DMA transfer is forcibly terminated by TC pin input or 
DMA permission bit clearing. 


Channel 2 — 


Channel 3 


Channel 3 Channel 0 
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Fig.60 Rotative priority 


ae 


V7 
= 


Channel 1 Channel 2 


= 








2—235 


MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





DRAM refresh | : Bo eet aa See ee a [] Be Ne aS Og ieee Bee ae Ree pe Oe ete GM tes ek oe = 
nn Coys ee ee fae ge ee ts eR ee ee a Sey ee ee ng ee ee Ne eg ee ee eee ee Pe ea ee es ge ~| 
| HOLD Dts Sa ee Rte MeN Ne Ny Bes ed pa a ce nae es take ee Gel a ete eet Ed esi eth eR J 


y channel number 


oma controler FO Ci) Ce) Oe eee 6 
CPU ae a ee ees eens (En Nhe ee 


Priority determination i i) 


among DMA channel 





DMAO request flag 


DMA1 request oO . coemcmamaumianta SO Core 
DMA2 request flag | | 


| | . 
DMAS request flag ; | 


Priority resolution at burst transfer mode 


DRAM PSS SS Se SS SS ea ee eee eS eS Se Se 1 


refresh as a ect acre nec Sa  oe de ieeeD e a a, « cas ater epee en ae pe emda: Geta me eee i’ ew as J 


channel number 
omaconoter TO CoP) Coe) Coret 
CME iy ee ee is Sie 


Priority determination. et et 
among DMA channel : : . t 


DMAO request flag 










DMAT1 request flag 


DMA2 request flag 


DMAS request flag 


Priority resolution at cycle steal transfer mode 


© : Channel having the highest priority 


Fig.61 Channel priority determination timing (Fixed priority) 
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Transfer address change direction 
The address change direction in DMA transfer can be de- 


signated independently for the transfer source and destina- (1) Forward-Forward 

tion. Choices are “forward”, “backward”, and “fixed”. When Transfer source Transfer destination 
the forward direction is chosen, the address increments. @ 

When the backward direction is selected, the address de- Data] = Fp as 

crements. When the flxed direction is selected, the address a On 

is fixed(2 bytes when one transfer unit consists of 16 bits or @ 

1 byte when one transfer unit consists of 8 bits) and does Es: eran 

not change. Use bits 4 and 5 of the DMAi mode register —_3—___+> 

shown in Figure 50 to specify the transfer address change a ( a 

direction for the source. For the destination, use bits 6 and , 


7. 

Figure 62 shows an example transfer address change 
mode when two bus cycle transfer is effected in 16-bit un- 
its. Figure 62-(1) shows an example case where both the 


DMAi mode register transfer source and destination (2) Forward-Fixed 

address change directions are set to “forward”. In this type @ 

of setup, data are transferred from memory 1 to memory 2 ® 
in the @, @, @, and @ order. Figure 62-(2) shows a case ® 
where the transfer source address change direction is “for- @ 

ward” and the destination addresses are “fixed”. In this Ts Datad Cd = 


setup, the memory 1 data are called up in the forward 
address change direction and written at fixed memory 2 aaa 
addresses in one transfer unit segments. Figure 62- (3) ee ee ee 
shows a case where the transfer source address change aE 
direction is forward and the destination address change 
direction is backward. Figure 62-(4) shows a case where 
the transfer source address change direction is backward Forward-Backward 
and the destination addresses are fixed. In this setup, the 
memory 1 data are written at fixed memory 2 addresses in 
one transfer unit segments in the (, @, and @) order. 

As explained above, three different address change modes 
are selectable for each of the transfer source and destina- 
tion. A total of nine different address change direction com- 
binations are available. 

In one.bus cycle transfer, the memory side address change 
direction depends on the memory bits. For data transfer 
from memory to I/O, therefore, use bits 4 and 5 (transfer 
source address change direction selection bits) of the (4) 
DMAi mode register to determine the memory side 
(transfer source) address change direction. This is not 
affected by bits 6 and 7 (transfer destination address 
change direction selection bits). For data transfer from I/O 
to memory, use bits 6 and 7 of the DMAi mode register to 
set the memory side (transfer destination) address change 
direction. This is not affected by bits 4 and 5. 


®@ 


Backward-Fixed 





Fig.62 Two bus cycle transfer address change direction 
examples (when one transfer unit consists of 16 
bits) 
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Bus cycle at DMA transfer 
The memory or I/O read/write cycle (hereinafter referred 
to as the bus cycle) is basically the same as the bus cycle 
of CPU. Figure 63 shows six examples of bus cycle. 
When transfer is made in 8-bit (1-byte) units, the operating 
waveform is as shown in Figure 63-(1). Bit 12 of the DMAi 
mode register is the transfer source wait bit and bit 13 is 
the transfer destination wait bit for DMA transfer. When the 
transfer source wait bit is set to “O” in cases where the 
DMA controller performs a read operation, the E signal “L” 
output period is extended as shown in Figure 63-(2) so that 
the “L” width of E signal is extended 2 times as long. When 
the transfer destination wait bit is set to “O” in cases where 
the DMA controller performs a write operation, the “L” 
width of E signal is extended 2 times as long. All channels 
have DMAi mode register, it is possible to determine 
whether or not to extend the access time depending on the 
speed of the memory space element to be accessed. The 
DMA controller wait bit is effective for both the internal and 
external memory areas. 
When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63-(1) if the following two 
conditions are met. 7 
1. The associated channe!] transfer address change direc- 
tion is either forward or fixed. 
2. The first address of the memory to be accessed is even- 
numbered. 
However, when the transfer source or destination wait bit is 
' “Q”, the DRAM area is being accessed, or transfer para- 
meters are read in the array chain or link array chain trans- 
fer mode, the E signal “L” period is extended so that the 
operating waveform looks like Figure 63-(2). 
When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63-(3) if the following two 
conditions are met. 
1. The associated channel transfer address change direc- 
tion is backward. 
2. The first address of the memory to be accessed is odd- 
numbered. 
In this case, although the two bytes can be accessed 
simultaneously, one additional internal clock cycle ¢is 
needed. However, when the transfer source or destination 
wait bit is “O” or the DRAM area is being accessed, the E 
signal “L” period is extended so that the operating wave- 
form looks like Figure 63-(4). 
When transfer is made in 16-bit (2-byte) units, the operat- 
ing waveform looks like Figure 63-(5) if the following two 
conditions are met. | 
1. The associated channel transfer address change direc- 
tion is forward. 
2. The first address of the memory to be accessed is odd- 
numbered. 
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The same waveform results if the following two conditions 

are met. 

1. The associated channel transfer address change direc- 
tion is backward. 

2. The first address of the memory to be accessed is even- 
numbered. 

In these cases, accessing is done in 1 byte units only. 

Therefore, accessing is conducted in two sessions. Howev- 

er, if the transfer source or destination wait bit is “O” or the 

DRAM area is being accessed, the E signal “L” period is 

extended. If the wait bits of the transfer source and des- 

tination are both “0”, the operating waveform looks like Fi- 

gure 63-(6). 


DMA continuous transfer 

(1) Normal transfer 

With the normal transfer function, it is possible to effect 
DMA transfer of the preselected number of bytes. As 
shown in Figure 50, first set up the number of one-transfer 
unit bits, transfer method, transfer mode, and _ transfer 
address change direction of the DMAi mode register, and 
then write the transfer source block first transfer address 
(the block’s lowest-order address in the forward or fixed 
transfer address change direction or the block’s highest- 
order address in the backward address change direction) 
into the source address register (hereinafter referred to as 
the SAR). Further, write the destination block first transfer 
address (the lowest-order address in the forward or fixed 
transfer address change direction or the highest-order 
address in the backward transfer address change 
direction) into the destination address register (hereinafter 
referred to as the DAR). Also write the desired number of 
bytes to be transferred, into the transfer counter register 
(hereinafter referred to as the TCR). Write the value 1 or 
more into TCR. The SAR, DAR, and TCR have 24 bits each. 
Be sure to write into all these bits. The SAR, DAR, and TCR 
are located at the addresses shown in Figure 47. The next 
step is to perform DMA source and other setups for the 
DMAi control register shown in Figure 49. Set up bit 0 
(priority selection bit) and bit 1 (terminal count validity bit) 
of the DMAC control register shown in Figure 48,and finally 
set the DMAC control register DMA permission bit to “1” so 
as to make the DMA request acceptable. 

When the contents of TCR are “0”, the terminal count TC 
signal output is generated, and at the same time, the inter- 
rupt request bit of the DMA interrupt control register is set 
to “1”. 

To halt transfer, enter the “L” level to the TC pin or write 
the value “0” in the DMA permission bit position. At this 
time, the interrupt request bit of the DMA interrupt control 
register is not set. 

An example normal transfer operation performed under the 
following conditions is presented below. 


¢ Transfer unit: 16 bits 

¢ Transfer method: 2 bus cycle transfer 

* Transfer mode: Burst transfer mode (edge sense) 

¢ Transfer source address change direction: Forward. 

¢ Transfer destination address change direction: Forward 

¢ Transfer source wait: None 

¢ Transfer destination wait: None 

* DMA source: External input (DMAREQi) 
When the DMAREQi pin input level changes from “H” to 
“L”, the DMA request flag is set to “1” so that the DMA 
transfer request is accepted. 
At this time, if there is no refresh request from the DRAM 
controller or no HOLD request is made from the HOLD pin, 
the DMA request is accepted. If no request is received 
from a channel having a higher priority than the accepted 
DMA channel, the DMA transfer for that accepted channel 
starts. If there is a DMA request from a channel having a 
higher priority, the DMA transfer for such a channel takes 
precedence. 
As two bus cycle transfer is made, a read operation is per- 
formed in the first bus cycle. First the address written into 
the SAR is output to the address bus and then inputted into 
the incrementor/decrementor (hereinafter referred to as 
the I/D). The I/D adds 1 or 2 to the entered address and 
outputs the result back to the SAR. If one 16-bit transfer 
operation is not enough to complete the read operation, the 
read operation is divided into two sessions to achieve the 
purpose. The operation performed so far is called the read 
cycle and the R/W signal goes High. The data from mem- 
ory or !/O is stored in the data latch within the DMA con- 
troller. 
The write operation is performed in the next bus cycle. First 
the address written in the DAR is output to the address bus 
and then inputted into the I/D. The !/D adds 1 or 2 to the 
entered address and outputs the result back to the DAR. If 
one 16-bit transfer operation is not enough to complete the 
write operation, the write operation is divided into two ses- 
sions to achieve the purpose. The operation performed so 
far is called the write cycle and the R/W signal goes Low. 
The data stored in the DMA controller data latch in the read 
cycle is output to the data bus in the write cycle and written 
into the destination memory or I/O. The operations per- 
formed so far comprise one data transfer unit. In two bus 
cycle transfer, the read and write cycle combination is cal- 
led the DMA transfer cycle. DMA transfer is executed by 
repeating the DMA transfer cycle. 
In two bus cycle transfer, the TCR varies in the read cycle. 
The remaining transfer bytes are read from the TCR in con- 
currence with address output from SAR in the read cycle, 
and inputted into the decrementor (hereinafter referred to 
as the D). The D subtracts 1 or 2 from the number of re- 
maining bytes and outputs the result back to the TCR. In 
this manner, the contents of the TCR decrease after each 
one-unit transfer. When the number of remaining bytes, 
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which is read from the TCR, becomes “0”, the DMA control- 
ler outputs the terminal count TC signal to the TC pin, and 
at the same time, sets the interrupt request bit of the DMA 
interrupt control register to “1”. At this time, the DMA per- 
mission bit is cleared. As the burst transfer mode is 
selected in this example, the DMA request flag is also 
cleared. 

To halt transfer before completion, enter the “L” level to the 


Internal 
clock ¢ 


E 
Address 


TC pin (P103) or write the value “0” in the DMA permission 


bit. 

In normal transfer, the first values written in the SAR, DAR, 
and TCR are retained in the internal latches. Therefore, if 
DMA transfer is to be effected under the same conditions, 
it can be initiated simply by setting the DMA permission bit 
to “1”. 

Figure 64 shows the normal transfer timing diagram. 


PC_ BR sP_ op spre J dpt2 J spr4 Rdpt4 XK spté Xpc¥k pc+2j 


Data . DATADO, 1 DATA2, 3 DATA4, 5 . 


R/W 


ALE 


BLE 


BHE 
STO 
ST1 


TC 


DMAACKO: Mec ge ee OC 


¢ Transfer unit ° 16 bits 

¢ Transfer method : 2 bus cycle 

¢ Transfer mode : Burst 

¢ Transfer source address change direction : Forward 

¢ Transfer destination address change direction : Forward 
¢ Transfer source wait : None 

° Transfer destination wait : None 

* sp (source address register value) : Even number 

¢ dp (destination address register value) : Even number 
* tc (transfer counter value) : 6 


Fig.64 Timing diagram of normal transfer | 
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(2) Repeat transfer 

The term “repeat transfer” refers to DMA transfer in which 
normal transfer is repeated. First set up the number of unit 
transfer bits, transfer method, transfer mode, and transfer 
address change direction of the DMAi mode register. Next 
write the transfer source block transfer start address in the 
SAR and the transfer destination transfer start address in 
the DAR. Further, write the number of bytes to be transfer- 
red, into the TCR, and set up the DMAi control register and 
DMAC control register. The DMA request is now accept- 
able. When the DMA request is received in this state, DMA 
transfer starts. Even when the number of remaining bytes 
(to be read from the TCR) becomes 0, the DMA permis- 
sion bit is not cleared. When the burst transfer function is 
activated, the DMA request flag is not cleared either. When 
the cycle steal transfer function is selected, the DMA re- 


Internal 
clock ¢ 


E 
Address 


quest flag is cleared at the end of each one-unit transfer. 
The first values written in the SAR, DAR, and TCR are re- 
tained in the internal latches. The contents of the latches 
are transferred to the SAR, DAR and TCR at the end of the 
last transfer cycle. Therefore, when the burst transfer func- 
tion is selected, the transfer operation is repeated starting 
with the first written values. When the cycle steal transfer 
function is selected, on the other hand, these values are 
used as the initial values and transfer is initiated each time 
the DMA request flag is set to “1”. 

To terminate this type of transfer, enter the “L” level to the 
TC pin or write the value “0” in the DMA permission bit. 

In repeat transfer, TC signal output and the setting to the 
interrupt request bit of the DMA interrupt control register 
are not performed. 

Figure 65 shows the repeat transfer timing diagram. 


Data XDATAO,1 WT Y¥ DATA4, 5 K DATAO,1. X  DATA2,3 


ALE 


BLE 


BHE 


STO —™] 


ST1 


6 
RT eR | fy Lg een Pe 


DMAACKO | a 


* Transfer unit : 16 bits 

¢ Transfer method : 2 bus cycle 

* Transfer mode : Burst 

¢ Transfer source address change direction : Forward 

¢ Transfer destination address change direction : Forward 
¢ Transfer source wait : None 

¢ Transfer destination wait : None 

* sp (source address register value) : Even number 

¢ dp (destination address register value) : Even number 
* tc (transfer counter value) : 6 


Fig.65 Timing diagram of repeat transfer 
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(3) Array chain transfer 

The. term “array chain transfer” refers to the DMA transfer 
in which one channel is used for the data transfer for two or 
more memory blocks. . 
Three parameters necessary for transfer, that is, the trans- 
fer source start address, transfer destination start address, 
and the number of transfer bytes, must be sequentially writ- 
ten into the transfer parameter memory. The transfer para- 
meter memory can be located in an arbitrary position in the 
memory space. Figure 66 shows an array chain transfer 
mode transfer parameter memory configuration example. 
All the transfer parameters of the memory block to be 
transferred must be written into the transfer parameter 
memory. The transfer parameter write format is indicated in 
Figure 67. For one bus cycle transfer, the I/O side para- 
meters are not needed. For transfer from memory to I/O, 
for instance, consecutively write the transfer source start 
address and the number of transfer bytes only as shown in 
Figure 68. As the transfer destination start address needs 
not be written, it is possible to save on the transfer time 
and transfer parameter memory area. 

in normal or repeat transfer, the first values written in the 
SAR, DAR, and TCR are retained in the internal latches. In 
array chain transfer and link array chain transfer, however, 
the latches perform different functions. 

The SAR latch serves as the transfer parameter register 
(hereinafter referred to as the TPR) which indicates the 
first address of the transfer parameter memory. The TCR 
latch serves as the transfer block counter (hereinafter re- 
ferred to as the TBC) which indicates the number of trans- 
fer blocks. In array chain transfer and link array chain trans- 
fer, writing a value at an SAR address causes that value to 
be written in the TPR, and writing a value at a TCR address 
causes that value to be written in the TBC. 

The array chain transfer operations are detailed below. 

As is the case with the other types of transfer, first set up 
the DMAi mode register, DMAi control register, and DMAC 
control register. Write the first address of the transfer para- 
meter memory into the SAR. This value is then written into 
the TPR. Be sure that an even-numbered address is desig- 
nated as the first address. Nothing needs to be written into 
the DAR. Into the TCR, on the other hand, write the number 
of memory blocks to be transferred. This number is then 
written into the TBC. When the DMA permission bit is set to 
“1” after completion of the above-mentioned setup, DMA 
transfer is enable. 

In array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. This operations state is called 
the “array state”. Figure 69 shows a two bus cycle transfer 
mode array state example. The DMA controller outputs the 
first address of the transfer parameter memory to the 
address bus, and sequentially stores the read data into the 
SAR, DAR, and TCR. 
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Transfer source start address 1 7 


Transfer destination start address 1 
Number of transfer bytes 1 


Transfer source start address 2. . . 
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Array chain transfer mode parameter memory 
configuration example 


Transfer source start address (L) 


Transfer source start address (M) 
Transfer source start address (H) 
Transfer destination start address (L 

ransfer destination start address (M 


Transfer destination start address (H) 


Number of transfer bytes (L) 


Number of transfer bytes (M) 
Number of transfer bytes (H) 


Transfer parameter address (L) 


Transfer parameter address (M) 
Transfer parameter address (H) 


1 
4 


ee 


Transfer source start address 1 fer 


Number of transfer bytes 1 
Transfer source start address 2 


Number of transfer bytes 2 


Number of transfer bytes 3 
Transfer source start address 4 
Number of transfer bytes 4 
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When the transfer parameters for one block are completely 
stored, the contents of the TBC are decremented by 1 and 
then the first DMA transfer starts in accordance with the 
stored parameters. 

In contrast to the array state, the state in which DMA trans- 
fer is made is called the transfer state. In the transfer state, 
the same operations are performed as in normal transfer. At 
the end of each one-unit transfer, the contents of the trans- 
fer counter are decremented by 1 in 8-bit transfer or by 2 
in 16-bit transfer. Even when the contents of the transfer 
counter are 0, the DMA request flag and DMA permission 
bit are not cleared and the array state of the next block 
occurs. 

When the contents of the TBC are 0 at the beginning of the 
array state, the entire transfer operation is considered to be 
completed, and the “L” level is output to the TC pin to clear 
the DMA request flag and DMA permission bit and termi- 
nate array chain transfer. At the same time, the interrupt re- 
quest bit of the DMA interrupt control register is set to “1”. 
In the cycle steal transfer at the array chain transfer mode, 
one array state and the transfer cycle of one-unit transfer 
are performed by one DMA request. 

Figure 70 shows the array chain transfer timing diagram. 
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Fig.69 Array state example at 2 bus cycle transfer 
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Transfer unit : 16 bits 
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Transfer mode : Burst 
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Transfer source wait : None 
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dp’ 
dp 
Number of transfer block : 2 


First block transfer 
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(destination address register value) : Even number 
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Second block transfer 
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(4) Link array chain transfer 

Figure 71 shows the link array chain transfer parameter 
memory configuration. As shown in this figure, not only the 
transfer source start address, transfer destination start 
address, and number of transfer bytes, but also the first 
address of the memory block which contains the next trans- 
fer parameters is stored. In the transfer parameter of the 
last block, set “000000,,” as the first address of the next 
transfer parameter. In one bus cycle transfer, the I/O side 
parameters are not needed. 

As is the case with the other types of transfer, the DMAi 
mode register, DMAi control register, and DMAC control 
register must be set up for link array chain transfer pur- 
poses. Into the SAR, write the first address of the memory 
block that stores the parameters for the first transfer. This 
address value is then written into the TPR. Be sure that an 
evennumbered address is designated as the first address. 
Nothing needs to be written in the DAR. Write a numerical 
value other than zero into the TCR. When the DMA permis- 
sion bit is set to “1” after completion of the above setup, 
DMA transfer is enable. 

In link array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. Further, the first address of 
the memory block that contains the next parameters is writ- 
ten into the TPR. In link array chain transfer, the state so far 
is referred to as the array state. 

The DMA controller sequentially outputs to the address bus 
the addresses of the memory block that stores the transfer 
parameters, beginning with the first address. The read data 
are sequentially stored into the SAR, DAR, and TCR, and 
then the first address of the memory block containing the 
next parameters is written into the TPR. DMA transfer is 
made in accordance with the parameters read from the 
transfer parameter memory. The transfer state is the same 
as in normal transfer. The contents of the TCR are de- 
cremented by 1 or 2 at the end of each one-unit transfer. 
Even when the contents of the TCR are 0, the DMA request 
flag and DMA permission bit are not cleared to “0” but the 
array state starts again. When the contents of the TPR are 0 
at this time, however, the “L” level is output to the TC pin to 
clear the DMA request flag and DMA permission bit and 
terminate link array chain transfer. At the same time, the in- 
terrupt request bit of the DMA interrupt control register is 
set to “1”. 

In the cycle steal transfer at the rink array chain transfer 
mode, one array state and the transfer cycle of one-unit 
transfer are performed by one DMA request. 


Figure 72 shows the link array chain transfer timing dia- | 


gram. . 

Note that the following operations cannot be performed in 

array chain transfer or link array chain transfer. 

1.A 16-bit transfer operation performed with an external 
width of 8 bits employed and the fixed transfer address 





change direction selected for either the transfer source 
or destination 

2. A 16-bit transfer operation performed with an external 
width of 16 bits employed, the fixed transfer address 
change direction selected, and an odd-numbered 
address designated as the first address for either the 
transfer source or destination. 


[”" [Transfer source start aaaress 7 
| [Transfer destination star address 7 
| [Number of ansfer bytes] 
|_ [Franstor parameter adaress > 


—> 


Transfer parameters for one block 


Transfer parameter [Transfer source start address 4 
address 4 
Transfer destination start address 4 
Number of transfer bytes 4 
Transfer parameter address 5 


Transfer parameter |Transfer source start address 3 


address 3 
Transfer destination start address 3 
Number of transfer bytes 3 
Transfer parameter address 4 


Transfer parameter ; . 
address> Transfer source start address 2 
Transfer destination start address 2 
Number of transfer bytes 2 
Transfer parameter address 3. 


Fig.71 Link array chain transfer mode parameter 
memory configuration example 
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DRAM CONTROLLER 

The DRAM controller directly controls the DRAM (dynamic 
random access memory). The DRAM control pins are lo- 
cated at ports P10,/CAS, P10;/RAS, P10g/MAgs, P107/MAg, 
and Ao/MAg through A7/MA/7. 

Figure 73 shows the DRAM controller block diagram. Fi- 
gure 74 shows the DRAM control register (address 64,6) 
bit configuration. Bit 7 of the DRAM control register is a 
DRAM validity bit. When this bit is set to “1”, port P10, 
serves as the CAS (column address strobe) signal output 
pin, port 10; serves as the RAS (Row address strobe) sig- 
nal output pin, port P10, serves as the MAg output pin, and 
P10, serves as the MAg output terminal. Upon resetting, the 
DRAM validity bit is set to “0”. When using the DRAM con- 
troller, be sure to set this bit to “1”. 

Bits 0 through 3 of the DRAM control register are the 
DRAM area selection bits. These bits are used to desig- 
nate the DRAM area in 1M-byte units. When the DRAM 
area selection bits (bits 3 through 0) are set to “0000”, the 
DRAM controller concludes that there is no DRAM area. 
This state prevails upon resetting. When the bits are set to 
“0001”, the DRAM area is set to 1M-byte and the system 
automatically judges that the area between addresses 
FO0000,, and FFFFFFi¢ is provided as the DRAM area. 
When the bits are set to “1111”, the DRAM area is set to 
15M bytes and the DRAM controller automatically con- 
cludes that the area between addresses 100000,;, and 
FFFFFF;. is the DRAM area. 

When the area to be accessed is judged to the DRAM 
area, the DRAM controller generates timing signals RAS 


Refresh request 


re I 


Refresh timer 


DRAM 
control register 


Bit O~bit 3 


———$— 


A20~A23 


Address __ 


SS ee NT, 


Fig.73 DRAM controller block diagram 





765432 1 =°0 Address 


DRAM control register 6416 


DRAM area selection bit 
0000 : No DRAM area 

0001 : FOOO00~ FFFFFF 
0010 : EQ0Q000~ FFFFFF 
0011 ; D00000~ FFFFFF 


1100 : 400000~FFFFFF 
1101 : 300000~ FFFFFF 
1110 : 200000~ FFFFFF 
1111 : 100000~FFFFFF 


DRAM validity bit 
0 : Invalid 
1 : Valid 


Fig.74 DRAM control register bit configuration 


and CAS for latching the address in the bus cycle, and out-. 
puts addresses Ao through Asp to MAp (Ao pin) through MA; 
(A7 pin), MAg, and MAg by means of time division multi- 
plexing. The time division multiplexing method varies with 
the external bus connection. Table 7 shows the address 
time-division multiplexing DRAM _ controller for DRAM 
accessing. | 

It should also be noted that when the DRAM area is acces- 
sed, the “L” level period of E is increased twofold without 
respect to the contents of the wait bit. This also holds true 
when the DRAM area is accessed by the CPU or DMA 
controller. 


Bus access 


controller 


RAS, CAS 


generating circuit 


Address comparator 


Address multiplexer 


ne oe 
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The DRAM controller incorporates an independent 8-bit re- 
fresh timer. The refresh timer is based on decrement count 
and its clock source employs a clock that is derived by di- 
viding f(Xy) by sixteen. The refresh interval can be given 
as desired by writing a value (not “O”) in the refresh timer 
(address 66,,). The value must be set in the refresh timer 
before the DRAM validity bit is set to “1”. Generally, the 
value written in the refresh timer is expressed by the fol- 
lowing formula. 


Timer value n=refresh interval [ns] X f(X,,)/16—1 


When the contents of the refresh timer is 00.6, the refresh 
timer generates the refresh request signal. The refresh re- 
quest signal sends the bus use request to the bus access 
controller. When the request is accepted, the system stops 
the CPU and DMA controller and sends the response sig- 
nal to the RAS/CAS generator circuit. The RAS/CAS gener- 
ator circuit generates the refresh cycle. 

If the CPU or DMA controller is using the data bus, refresh 
cycle generation does not take place even when the re- 
fresh request is made. When a WIT or STP instruction is 
executed, the refresh operation is not performed. Figure 75 
shows an example refresh operation that is performed 
when the refresh request is made during DMA transfer. Fi- 
gure 76 shows an example refresh operation that is per- 
formed when the refresh request is made during CPU op- 
eration (bus accessing) . Both examples represent the 


cases where the response delay time is maximized. Table 
8 shows the delay time that denotes the interval between 
the instant at which the contents of the refresh timer be- 
come 00;, and the instant at which the refresh cycle is in- 
serted. This table indicates the maximum and minimum 
values prevailing when the RDY input is not provided. If the 
access time is to be increased by RDY input, the time de- 
lay resulting from such an access time increase must be 
added to the maximum values in the table. 

Figure 77 shows the DRAM accessing bus cycle timing dia- 
gram. The DRAM controller generates three types of bus 
cycles: read, write, and refresh bus cycles. 

In the read cycle, the RAS pin level falls from “H” to “L”, 
and then the CAS pin level falls from “H” to “L” at the end 
of 1/2 the internal clock cycle ¢. The address bus changes 
from the row address to the column address during the 
time interval between RAS pin level fall and CAS pin level 
fall. 

In the write cycle, the CAS pin level falls one internal clock 
cycle ¢ after RAS pin level fall. 

In the refresh cycle, the CAS pin level falls 1/2 internal 
clock cycle ¢ earlier than RAS pin level fall. Refresh occurs 
as the CAS pin level falls earlier than the RAS pin level. 
This method is called the “CAS before RAS refresh 
method”. Be sure that the selected DRAM permits “CAS 
before RAS refresh”. 





Table 7. DRAM accessing address time-division multiplexing method 












M M 


Regular bus 
DRAM access M MA, 


External 8-bit 
Column address 
xterna -bi 
Column address pe Ag Abe 


Table 8. Refresh wait time 


Number of delay 
Cause of bus use 
cycles 































At 16MHz At 8MHz 


187.5ns~812.5ns (wait provided) 375ns~1625ns (wait provided) 
187.5ns~562.5ns (wait not provided) 375ns~1125ns (wait not provided) 


ee 
187.5ns~ 1562.5ns (wait provided) 375ns~3125ns (wait provided) 
DMA controller 1.5~12.5 ; ; 
187.5ns~ 1062.5ns (wait not provided) 375ns~2125ns (wait not provided) 


HOLD state 187.5ns 
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ST1, STO 10(DMAC) X 00(Refresh) 


Maximum wait time : 12.5 cycle of ¢ | Refresh cycle | 





Fig.75 Refresh during DMA transfer 


Internal clock ¢ 


E 


R/W 


Refresh request 


a 

| | 

l l 

Bus request (DRAM) Se ee eee 
| 
| I | | | 
| | 
{ I ! 


| 
| | | 

| | a | 
Bus request sampling fe (oe ce ae (ee ee 
ST1, STO 11(CPU) 00(Refresh)_ . 


Maximum wait time : 6.5 cycle of ¢ i Refresh cycle 





Fig.76 Refresh during CPU operation 
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Internal 
clock @ 
RAS | | 
CAS | | 
v \ : Eg 1 j 


mi 


(1) Timing diagram at reading 


Internal 
clock ¢ | | | | | | | 
RAS | | 
CAS | | 

Vv v v 


m| 


(2) Timing diagram at writing 


Internal 
om “H” 
RAS | | — 
CAS | | 

v . \/ 
MAg~MAg A Invarid i 


(3) Timing diagram at refreshing 


Fig.77 DRAM access timing diagram 
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REAL-TIME OUTPUT 
The M37720S1AFP has a 4-bit, 2-channel real-time output 76543214 


Address 
6216 


function which is shared with port P6 as the output port. As Real-time output control register 


with the other ports, the port P6 direction register is in the 
input state after resetting and therefore functions as a regu- 
lar |1/O port. To use the real-time output function, be sure to 
set the port P6 direction register for output. Ports P65 
through P63 correspond to channel 0, whereas ports 6, 
through 67 correspond to channel 1. 

Figure 78 shows the real-time output control register 
(address 62,,¢) bit configuration. Bits 0 and 1 are the real- 
time output validity bits for the channels. Bit 0 relates to 
channel 0, and bit 1 relates to channel 1. When the value 
“1” is written in the positions of these bits, the real-time 
output function is enabled. These bits are “OQ” upon reset- 
ting. 

Figure 80 shows the real-time output block diagram. In the 
real-time output mode, the values written in the pulse out- 
put data register are not output immediately. However, 
such an output is delivered to the pin when timer AO 
(channel 0) or timer A1 (channel 1) underflows. Before 
underflow occurrence, the previously written data are 
output. 

Figure 79 shows the pulse output data register bit con- 
figuration. When the real-time output 0 validity bit is “O”, the 
data written in the port P6 latch (address Ej.) is output to 
ports P6, through P63. When the real-time output 0 validity 
bit is “1”, the values written in the bit 0 to bit 3 positions of 765432 
pulse output data register 0 (address 1A,,) are output to 
ports P6 (RTPO 9) through P63 (RTPO3), respectively. 

When the real-time output 1 validity bit is “O”, the values 
written for bits 4 through 7 of the port P6 latch (address 
E,¢) are output to ports P64 through P6,;, respectively. 
When the real-time output 1 validity bit is “1”, on the other 
hand, the values written in pulse output data register 1 
(address 1C,,) are output to ports P6, (RTP19) through P67 
(RTP,3). 


765 43 2 1 


Pulse output data register 1 


hee time output 0 validity bit 
: Invalid 
: Valid 

realm output 1 validity bit 
: Invalid 

; : Valid 





Fig.78 Real-time output control register bit configuration 


Address 


Pulse output data register 0 1Ais 


RTPO, output data 

0 : “L” level output 
1 : “H” level output 
RTPO, output data — 
0 : “L” level output 
1 : “H” level output 
RTPO2 output data 

0 : “L” level output 
1 : “H” level output 
RTPO3 output data 

0 : “L” level output 
| 2 “H” level output 


Address 
1Ci6 


RTP1p output data 
0 : “L” level output 
1 : “H” level output 
RTP1, output data 
0 : “L” level output 
1 : “H” level output 
RTP1> output data 
0 : “L” level output 
1 : “H” level output 
RTP13 output data 
0 : “L” level output 
1 : “H” level output 





Fig.79 Pulse output data register bit configuration 


Port latch 


©) 
Pulse output data register | & 
“ 1” 


Real-time eer i 
validity bit 


Timer Ai(i=0, 1) 
underflow signal 





Fig.80 Real-time output block diagram 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. Figure 81 
shows a block diagram of the watchdog timer. 

The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fs2) or by 512 (f512). Whether to count fz. or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 82. f5;2 is selected when the flag is “O” and 
fg0 is selected when it is “1”. The flag is cleared after reset. 
FFF, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFFig is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or fs512, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer is also in the hold state during hold, 
DMA transfer, or refresh. Therefore, the input to the watch- 
dog timer is prohibited. 











Watchdog timer frequency selection 
(connection forced to f32 during STP instruction execution) 


Watchdog timer 


(Address 60,¢) 


STP instruction 


Fig.81 Watchdog timer block diagram 


Address 
61is 
Watchdog timer frequency 
selection flag 


0 : Select fs12 
1 : Select fs. 


Fig.82 Watchdog timer frequency selection flag 
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RESET CIRCUIT contents of address FFFF,.5, and A7~ Ag to the contents of 
Reset occurs when the RESET pin is returned to “H” level address FFFE¢. 

after holding it at “L” level when the power voltage is at 5V Figure 83 shows the status of the internal registers when a 
+10%. Program execution starts at the address formed by reset occurs. 

setting the address pins Az3~ Aig to 0016, Ais ~ Ag to the 

















(1) Port P4 data direction register  (OCy,)--- 0] 0] 0] 0] o)X)x)x] (38) A-D conversion interrupt control register (7046)-*- NIXPXX) of of o]o 
(2) Port P5 data direction register (OD4,)-*- (39) UART 0 transmission interrupt control register (7146)-*- XIXDX]X| 0] 0} 0/0 
(3) Port P6 data direction register  (1046):°- (40) UARTO receive interrupt control register (7216)-*° XIXDX)X 0] 0] of 0 | 
| (4) Port P7 data direction register = (1146)°*" (41) UART1 transmission interrupt control register (7346) -*- XIXXX| 0} 0] of 0 
(5) Port P8 data direction register = (1446)-": (42) UART1 receive interrupt control register. (7446)-*- XIXPX)X| 0] 0] of 0. 
(6) Port P9 data direction register (1546) °°: (43) Timer AO interrupt control register | (7546) °° XIXDX)X/ 0] 0] 00 
(7) Port P10 data direction register (1846)-*: (44) Timer Al interrupt control register (7646)°"" DXPAIX{X| 0 [0] 0| 0} 
(8) A-D control register (1Ey6) °°: | 0 | 0 | 0| 0 | 0| ? | ? | ? | (45) Timer A2 interrupt control register (7746)°*° DDD] | 0] | o| 
(9) A-D sweep pin selection register (1F4.)--: PXDXIXDXDX| 1 (46) Timer A3 interrupt control register (7846)°"° XIXDXX|0 0} 0 | 
(1) UARTO Transmit/Receive mode register (3016)°*° (47) Timer A4 interrupt contro! register (7946)- XX)X]X| 0] 0} 00 
(11) UART1 Transmit/Receive mode register (3816) --- (48) Timer BO interrupt control register (7Ai6)*** XIX)X)X| 00/0 [0 
(12) UARTO Transmit/Receive control register(0.  (3446)-°° XIXIXIX] 10} 0} 0 (49) Timer B1 interrupt contro! register (7Bis)"*" DX XX] 0 | 0 | 0} 0| 
(13) UART1 Transmit/Receive control register0  (3C 46) -*- XDXX)X| 1 | 0/0 | 0| (50) Timer B2 interrupt control register (7C46)° XIX)X)X/ 0} 0] 0| | 
(14) UARTO Transmit/Receive control register?  (3546)-°- folo|ojololo|1jo (651) INTo interrupt control register (7D6)"*° X)X{ 0/0] 0] 0} 0/0 
(15) UART1 Transmit/Receive control register?  (3Dy6)°*" '0{0/0/0/0/0|1}0 (62) INT; interrupt control register (7E16) XX 0/0 | 0] 0] 0/0 | 
(16) Count start flag (4046)°°° (53) INT> interrupt control register (7Fig) XX} of 0/0} 0/0| 0| 
(17) One-shot start flag (4216)°°° 1X}X]0/ 0/0) 0] 0] (54) DMAO mode register L (1FCC16)"* | 0046 | 
(18) Up-down flag (4416)°°° (65) DMAO mode register H (1FCD,¢)*" 
(19) Timer AO mode register (5616)°°° (58) DMAO control register (1FCE16)*" X)X/0] 0] o]o}o}o 
(0) Timer A1 mode register (5716)°°° 67) DMA‘ mode register L (1FDC16)" 
@1) Timer A2 mode register (5816)°°° (58) DMA1 mode register H (1FDD46):~ 
(2) Timer A3 mode register (59i6)**: 63) DMA‘ control register (1FDE46):* KX] 0 | 0 | 0 | 0 | 0 | 
23) Timer A4 mode register (5Ai6)**° (0) DMA2 mode register L (1FEC46)*~ 
(24) Timer BO mode register (5Big)""° folo/1/x{olo|o}o} (61) DMA2 mode register H (1FED4,)-~ 
25) Timer B1 mode register (5Cig)*** foo} 1|X}0|0| 0} 0| (62) DMA2 control register ({FEE4¢):" XX/ 0} 0/0/00} 0. 
(26) Timer B2 mode register (5Dig) °° (oo) 1)X/o/ofofo (63) DMAS3 mode register L (1FFC46)*~ 
(7) Processor mode register (5Ei6)** 'o/o]ojololof1fo (4) DMA3 mode register H (1FFD 16)" 
(28) Watchdog timer (6046) °°" (65) DMAS control register (1FFEy,)** )x{ofo}ofo}ojo 
(29) Watchdog timer frequency selection flag (6146)°*° (66) Processor status register PS foolo]2|2/ofojof1]2]2| 
(30) Real-time output control register (624.)::: XDXIXDXX] 0 | 0. (67) Program bank register PG 
81) DRAM control register (6446)°°° lo )X]X]X| 0] 0} 0| o| (68) Program counter PC, 
(82) DMAC control register L (6846) "°° [0/00] 0|/x|/X/o]o (69) Program counter PC, 
83) DMAC control register H (6916)°"* (1) Direct page register DPR 
(34) DMAO interrupt control register (6Ci6)-" N)X)X)X] 0| 0| of o| (11) Data bank register DT 


w 


5) DMA‘T interrupt control register (6D4.):": 


iad 


XXX 2/0/01 


XX] 0] 0| 0} Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 


DS 
|e | 


ea 


6) DMA2 interrupt control register (6Ei¢)-": X 


1) DMA interrupt control register (6F46)--- XXX 0} 0 0. 


Fig.83 Microcomputer internal status during reset 
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Figure 84 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. 


we Power on 


4.5V 


M37720S1AFP 


Fig.84 Example of a reset circuit (perform careful 
evaluation at the system design before using) 





INPUT/OUTPUT PINS 

Ports P10 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 85 presents the port P10 to port P4 block diagrams 
and E pin output format. 

In the evaluation chip mode, port P4 is also used as the 
control signal terminal. Refer to the section on evaluation 
chip mode for more details. 
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* Ports P83, P87, P9g, P94, P92, P99, P107, P10g, P105, P10, (Inside dotted-line not included) 
Ports P54, P52, PSq(Inside dotted-line included) * Ports P85, P84, P81, P8o 


aaa 
| EL 
Soar 
ae: 







Data bus 








* Ports P4g~P43'(Inside dotted-line not included) * Port P10; 
Ports P47, P57, PSg, P55, P53, P51, P86, P82, P97; PY, 


P93, P91, P102, P101, P109 (Inside dotted-line included, 
but P8, and P8, are without 


Direction register hysterisis) Direction register 





Data bus Data bus 


¢ Ports P67~ P6, 


Bice raiser} 
| 
fk Port latch 5 














Data bus 


Timer 
underflow signal’ 


*Ports P7g~P7)(Inside dotted-line not included) 
Port P77. (Inside dotted-line included) 


{Besson rear} 
pee a 
fe Port latch + 







Data bus 





Fig.85 Block diagram for ports P10 to P4 in microprocessor mode and the E pin output 
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PROCESSOR MODE 

Either the microprocessor mode or evaluation chip mode is 
selected in accordance with the contents of bit 0 of the 
processor mode register shown in Figure 86. Bit 1 must al- 
ways be set to 1. 

Figure 87 shows the port P4, A7/MA7 to Ap/MAo, Ais/Di5 to 
As/Dz, Ao3/D7 to Aig/Do, R/W, BHE, BLE, ALE, RDY, HOLD, 
and ¢, functions in the two different processor modes. 

The external memory area varies with the mode. Figure 88 
presents the memory map in each processor mode. When 
the external memory is to be accessed, it is influenced by 
the BYTE pin and processor mode register bit 2 (wait bit) 
as explained below. 











BYTE pin | 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H”. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L”. 

When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 


: r a Address 
rocessor mode register SEs 


Processor mode bit 
0 : Microprocessor mode 
1 : Evaluation chip mode 


Wait bit 
0 : Wait 
1 ° No wait 


Software reset bit 


Reset occurs when this bit is set to “1” 


Interrupt priority resolusion time selection bit 
0 0 : Select 1/f(Xin) 14 
0 1 : Select 1/f(Xiy) X8 
10 : Select 1/f(Xiy) x4 


Test mode bit 


This bit must be “O” 


-Stack bank selection bit 


0 : Bank 046 
1.: Bank FFi¢ 


Fig.86 Processor mode register bit configuration 
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CM1 eee Ne ee Ee 


E Lif 
A7/MA7 Same as left 
~Ao/MAy Address A7~Ao 
E Ls 
| Same as left 
Same as left 




















Access except DRAM 


Access DRAM 


BYTE=“L” 







A7/MAz 
ae 


Row) (Column) 


E Ais~As | 
— As/Dg 


odd) 


































a cae E Ais~Ag 
aaa Address As~A ie (earessX Data) 
BYTE=“H” ~A,/Dg 8 15 ~Aj5/Di5 ress 


(odd) 


Port P4, P5 and their direction registers are 
treated as 16-bit bus width. 










E Aos~Ai6 | | 
~Ar6/Do (even) 
E Aos™Atr6 | | 
Aza/D7 Address 
a CD ae 


(even, odd) 






BYTE="L” Same as left 










BYTE=“H’ 


Aoa~ Ate | | 
Ao3/MAz 
~Ai¢6/Do |_Data_) 


(even, odd) 













Same as for A;5/D;5~Ag/Dg 


Same as left 





P4, 


~P4, Input/output port 







Fig.87 Processor mode and ports P4, Az/MA7™Ao/MAg, Ais/Dis~Ag/Dzg, Ao23/D7~Ai6/Do, and ALE, R/W, BHE, BLE, 
RDY, HOLD, #1 functions 
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Wait bit 

As shown in Figure 89, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal is becomes twice 
compared with no wait (the wait bit is “1”). The wait bit is 
cleared during reset. 

When the CPU is operating, the accessing of internal mem- 
ory area is performed in no wait mode regardless of the 
wait bit. 

The processor modes are described below. 


Microprocessor Evaluation chip 


mode mode 


a 


TE 


ULLAL) 
LLL LLL LL LA 


RAM 


CATTLE LELLLTLLLL 


The shaded area is the external memory area. 





Fig.88 External memory area for each processor mode 


Internal clock ¢ 


PTI LS LS LLL 1 
Ay/Dy (___ MbatX _ XDat 


Address Address 
Wait bit “1” < £ 


ALE 7 M7 


Ay/Di (__X_Data_X__X Data 


Address Address 


Wait bit “0” / — 
ALE 


Fig.89 Relationship between wait bit and access time 
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(1) Microprocessor mode [0] 
When the system is reset with the CNVss pin connected to 
Vss Or Voc, this mode is selected. 
Ports A;5/Dis through As/Dg may be in either of the follow- 
ing two conditions depending on the BYTE pin level. 
When the BYTE pin level is “L”, the ports serve 
as the address output terminals while E is at the “H” level 
or 
as the odd-numbered address data |/O terminals while E 
is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
When the BYTE pin level is “H”, the ports serve as the 
address output terminals. 
Ports Aj3/D7 through A;g/Do may be in either of the follow- 
ing two conditions depending on the BYTE pin level. 
When the BYTE pin level is “L”, the ports serve 
as the address output terminals while E is at the “H” level 
or 
as the even-numbered address data I/O terminals while 
E is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
When the BYTE pin level is “H”, the ports serve 
as the address output terminals while E is at the “H” level 
or 
as the even- and odd-numbered data I/O terminals while 
E is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
R/W is the read/write signal. It performs a read operation 
when it is at the “H” level or a write operation when it is at 
the “L” level. 
BHE is the byte high enable signal. When it is at the “L” 
level, it indicates that an odd-numbered address is being 
accessed. BLE is the byte low enable signal. When it is at 
the “L” level, it indicates that a even-numbered address is 
being accessed. Therefore, if BLE is at the “L” level and 
BHE is at the “L” level, it means that two bytes at an odd- 
numbered address and an even-numbered address are 
being accessed simultaneously. 
ALE is the address latch enable signal. It is used for latch- 
ing the address signal from a multiplexed signal containing 
addresses and data. When ALE is at the “H” level, the latch 
opens to pass off the address signal. When ALE is at the 
“L” level, it retains the address signal. 
HOLD is the hold request signal. It is an input signal used 
to hold the microcomputer. HOLD input is accepted when 
the internal clock ¢ falls from “H” level to “L” level while 
the bus is not used. ST1 and STO notify externally when 
microcomputer enters into hold state. In the hold state, ST1 
=0, STO=1 and A;/MA; through Ap/MAp, Ays5/D,5 through 
As/Ds, Ao3/D7 through Aie/Do, R/W, BHE, and BLE are 
floating. These ports are floating after one cycle of the in- 
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ternal clock ¢ later than the status signal changes to [ST1 
=0, STO=1] . At the removing of hold state, these ports 
are removed from floating state after one cycle of internal 
clock ¢ later than the status aa a to the value ex- 
cept [ST1=0, STO=1] . 

RDY is the ready signal. When it is at the “L” level, the in- 
ternal clock ¢ stops at the “L” level. The instruction execu- 
tion of CPU and the bus access of the bus interface unit 
are also stopped. The clock ¢, output is continued. RDY is 
used When a slow external memory is installed. 


(2) Evaluation chip mode [1] 
The evaluation chip mode prevails when the CNVsg pin is 
connected to 2Vcc. This mode is usually used for evaluation 
equipment. 
A7/MA; to Ao/MAo, ALE, BHE, BLE, R/W, RDY, HOLD, and 
¢, perform the same operations as in the microprocessor 
mode. 
Ports Ajs5/D;5 through Ag/Dg function irrespective of the 
BYTE pin level. They serve 
as the address output terminals while E is at the “H” level 
or | : 
as the odd-numbered address data I/O terminals while E 
is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
When the BYTE pin level is “L”, ports Ao3/D7 through Aj¢/ 
Do serve 
as the address output terminals while E is at the “H” level 
or | ; 
as the even-numbered address data |/O terminals while 
E is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
When the BYTE pin level is “H”, on the other hand, ports 
Ao3/D7 through Aig/Do serve 
as the address output terminals while E is at the “H” level 
or 
as the even- and odd-numbered address data I/O ter- 
minals while E is at the “L” level. 
However, if the internal memory area is read, external data 
is ignored from outside while E is at the “L” level. 
Port P4, port PS, port P4 and port P5 direction register must 
be accessed in 8-bit unit. 
The port P4 and_ its direction register addresses 
(addresses OA;g and 0C;,) are treated special in the eva- 
luation chip mode. When these addresses are accessed, 
the data bus width is considered to be 16 bits without re- 
gard to the BYTE pin level. Further, the access cycle is tre- 
ated as the internal memory without regard to the wait bit. 
Ports P43, through P4, serve as the MX, QCL, VDA, and 
VPA output terminals, respectively. Port P4, serves as the 
DBC input terminal. 
The MX signal usually carries the contents of flag m. When 


the CPU uses flag x, however, the MX signal carries the 
contents of flag x. | 

QCL is the queue buffer clear signal. It goes High when 
the command queue buffer is to be cleared as a command 
code previously entered in the command queue buffer can- 
not be used because of jump or other command execution. 
VDA is the valid data address signal. It is at the “H” level 
while the CPU reads data from or writes data into the data 
buffer. It also goes High when the command first byte (the 
operation code) is read from the queue buffer. 

VPA is the valid program address signal. It is High while 
the CPU reads a command code from the command queue 
buffer. 

DBC is the debug control signal which is used for debug- 
ging. 

Table 9 summarizes the relationship between the CNVggs 
pin input level and processor mode. 


Table 9. Relationship between the CNVsgzg pin Miput 
levels and processor modes 


| ONVss | Mode =| escription 


Microprocessor mode upon 
starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


- Evaluation chip Evaluation chip mode only 















¢ Microprocessor 





¢ Evaluation chip 
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CLOCK GENERATING CIRCUIT 

Figure 90 shows a block diagram of the clock generator. 
When a STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFig is 
written to watchdog timer and the watchdog timer input 
connection is forced to fz... This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation restarts when an interrupt is received, but the 
internal clock ¢remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. When a WIT instruction is executed, the 
internal clock ¢stops at “L” level, but the oscillator does 
not stop. The clock is restarted when an interrupt is re- 
ceived. Instructions can be executed immediately because 
the oscillator is not stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 91 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 92 shows an example of 
using an external clock signal. 


Interrupt request 


STP instruction 





M37720S1AFP 


Fig.91 Circuit using a ceramic resonator 


M37720S1 AFP 


External clock source 


Voc 
Vss 





JUUU 


Fig.92 External clock input circuit 


Internal clock ¢ 
CPU, DMAC, DRAMC) 


fie 


f 
Oe eae 


Clock ¢, output 


Xin Xout 


Fig.90 Block diagram of a clock generator 


Q S c | Reset 


R STP instruction 


~ \_ [Watchdog 
timer 


fg2 fe, 








Ae 
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ADDRESSING MODES 

The M37720S1AFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37720S1AFP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Conditions 
| Vcc | Supply voltage 





Analog supply voltage 


Input voltage RESET, CNVss, BYTE 





Input voltage Ag/Dg~Ay5/D15, Aig/Do™Ao3/D7, P43~P47, 
P59~P5y, P69~ P67, P7o~ P77, P89~ P87, 
, P99 P97, P1 Oo~P1 07, RDY, HOLD, Xin, Vrer 


Voc 
Vv, 
V, 
Vo 


[Wie 
Output voltage Ag/MAg~A7/MA7, Ag/Dg~Aj5/D15, 
Aie/Do~Az3/D7, P4g~P47, P5p~P5z, 
P69~ P67, P79~ P77, P89~ P87, P9o~ P9,, 
P109~P107, ¢;, RESETour, Xour, E, STO, 
ST1, ALE, BLE, BHE, R/W 





Pq Power dissipation Tg=25C 
Storage temperature 


V 
V 
Vv 
V 
V 
Topr | Operating tempera a 





[ratings uit 
ee eae 
= ee 
Sey aa a 


“1. 3Vec 40.8 aw 


—0. 3~Vec +0. 3 oi 


—40~150 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°C, unless otherwise noted) 






5 


Parameter 









< 
xo) 


Symbol 


Meet | Supply voltage : 
l Vss Supply voltage 

Analog supply voltage 

High-level input voltage P43~P47, P5g~P57, P69~P6r, 
P7>~P77, P8y9~P87, P99o~P9,, 
P109~P107, RDY, HOLD, BYTE, 
CNVss, Xin, Vrer 


High-level input voltage As/Dg~ Aj45/D45, Aie/Do~™ Ao3/D7 






on 


Vv 


e) 
@) 












0.8Vcc 









0. 5Vcc Voc 
Low-level input voltage P43~P47, P59~P57, P6y~P6r, 
P7o~ P77, P89~ P87, P99~ P97, 
P109~P107, RDY, HOLD, BYTE, 
CNVss, Xin, Vrer 
Low-level input voltage Ag/Dg~A15/D45, A1e/Do~Ao3/D7 
High-level peak output current Ag/MAg~A7/MAz, Ag/Dg~A45/D45, 
Aye/Do~Ao3/Dz, P43~P4,, P5o~P5z, 
P69~P67, P7o~P77, P89~P8;, 
P99~P97, P109~P107, $4, 
RESETour, STO, ST1, ALE, BLE, 
BHE, R/W 
High-level average output current Ag/MAg~A7/MAz, Ag/Dg~A15/D45, 
Aie/ Do~Ao3/ Dy, P43~P47, P5o~P5y, 
P6p~P67, P79~P77, P89~P87, P99~P97, 


lon(avg) 
P109~P107, 91, RESETour, STO, ST1, 
ALE, BLE, BHE, R/W 
Low-level peak output current Ag/MAg~A7/MAz, Ag/Dg~Ai5/D15, 
Aie/ Do~Az3/ Dy, P43~P4z, P5o~P5z, 
lou(peak) P6o~P67, P7>~P77, P8o~P87, P9o~P97, 
P109~P1 07, $4, RESETour, STO, STI, 
ALE, BLE, BHE, R/W 


Low-level average output current Ap/MAg~A7/MAz, Ag/Dg~A15/D15, 
Ate/ Do~A23/ Dy, P43~P4,, P59~P5y, 
low avg) P69~P67, P79>~P77, P89~P87, 
P99~P97, P109~P107, ?4, RESETourt, 
STO, ST1, ALE, BLE, BHE, R/W 
External clock frequency input 


> 
on 
on} = 
© |% 

< 

Q 

fo) 










Vcc 
Vss 
Vin 
Vin 
Viv 
Vit 





















mA 


(Xin) 


Note 1. Average output current is the average value of a 100ms interval. 
2. The sum of lo.(peak) for ports P8, P9, Ap/MAg~A7/MAz, Ag/Dg~Ai5/Di5, Aie/Do~Az3/D7, STO, STI, 
ALE, BLE, BHE and R/W must be 80mA or less, the sum of lon(peak) for ports P8, P9, Ap/MAg~A7/ 
MAz7, As/Dg~ Ays/Di5, Aig/Do~ Az3/D7, STO, ST1, ALE, BLE, BHE and R/W must be 80mA or less, 
the sum of lo. (peak) for ports P4, P5, P6, P7, P10 and ¢, must be 80mA or less, the sum of 
lon(peak) for ports P4, P5, P6, P7, P10 and ¢, must be 80mA or less. 
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M37720S1AFP 
ELECTRICAL CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25°, f(Xin)=16MHz) 


High-level output voltage Ap/MAg~A7/MA7, Ag/Dg~Ai5/Di5, 
Aye/Do~Az3/D7, P43~P47, 
P59~P57, P6g~P67, P7o~P77, 
P89~P87, P99~P97, P109~P 107, 
¢1, RESETour, STO, ST1, ALE, BLE, 
BHE, R/W 
High-level output voltage Ap/MAg~A7/MA7, Ag/Dg~A45/D15, 
Aie/Do~Az3/D7, MAg, MAg, RAS, 
CAS, ¢1, STO, ST1, BLE, BHE, R/W 






Typ. 


















lox=—1 OmA 


Von 

_ 
| | 

Low-level output voltage Ap/MAgp~A7/MAz, Ag/Dg~Aj45/D15, 
Aie/Do™~A23/D7, P4,~ P47, P5o~P57, 
P6)~P67, P7>~P77, P89~P8z, 
Vor 
Vou CAS, $4, STO, ST1, BLE, BHE, 
R/W 
VoL Low-level output voltage ALE 
loLp=2mA 
VoL Low-level output voltage E 
lop =2mA 
Hysteresis RDY, HOLD, TA2in~TA4in, TBO, TB4in, 
Vr4+—Vy— INTo~INT2, ADtaa, CTSo, CTS;, CLKo, CLK; 
DMAREQO~ DMAREQ3, TC 
P10>~P107, RDY, HOLD, BYTE, 
CNV¢s, Xin, RESET 
Low-level input current Ag/Dg~Aj5/D15, Are/Do™Az3/D7, 
P43~P47, P5p~P57, P6y~P6r, 
P79~P77, P89>~P87, P99~P97, 


P9o~P97, P10 9~P1 07, $1, 
Hysteresis RESET 
P109~P107, RDY, HOLD, BYTE, 







Ww 
= w 








lo. =1 OmA 


oO 

> 
re 
Lea | 







0. 45 


loL=2mA 





oO 
— ist 
a Bey 
oO) | Ww 


<= 



















9 
Nn 
= 
on 


2 
— 
| S 
o on w 
cs 
> 


RESETour, STO, ST1, ALE, BLE, 
BHE, R/W 
Low-level output voltage Ao/MAg~A7/MAz, Ag/Dg~Aj5/D45, 
Hysteresis Xjy 
High-level input current Ag/Dg~A45/D15, Aig/Do~ A23/D7, 
P43~~P4,, P5o~ P57, P69~ P67, 
li 
bie 
| CNV¢s, Xin, RESET 
RAM hold voltage 


Aig/Do~Azg/D7, MAg, MAg, RAS, 
P79~P77, P8 ~ P87, P9o~ P97, 





V,=5V 













< 

I 
>) 
< 





‘: 


When clock is stopped 





— 


De) Ww 


3 
> 


f(Xin)=16MHz square waveform 







Power supply current Ta=25 when clock is stopped 


Rg 


is 





Ta=85°C when clock is stopped 
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A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) 


Win 













 Riaposn [Ladder resitece SSCS eee 
A aa NEE SSAA C2! OY 
Via [Analog input votags i i 


TIMING REQUIREMENTS (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 
External clock input 


LS 

kQ 

LS 
ca ass 
External clock input cycle time | 62 | [| ons | 
External clock input high-level pulse width 2 | | ons | 
i ee ae a ee 
aca a a es 
Beeld [| ons | 






Vrer 
















External clock input low-level pulse width 


te | External clock input rise time 
te External clock input fall time 
Microprocessor mode 


ympo arameter Min. _| 


E) 
4 



























Port P6 input setup time 
Port P7 input setup time | 100 | 
Port P8 input setup time | 100 | 
Port P9 input setup time | 100 | 
Port P10 input setup time 


—_ | — 
oO|;|oO 
O;o 





—_ 
© 
© 





~— 
© 


th(e—pa4p) Port P4 input hold time 





th(e—pspb) Port P5 input hold time 





th(e—peb) Port P6 input hold time 
th(e—p7pD) Port P7 input hold time 


a) 
Laon 
Ee 
thceene) Port P8 input hold time | [lees 
bid 
ae 
45 





Port P9 input hold time 
thc e—P10D) Port P10 input hold time , 

Data high-order input setup time 5 

Data low-order input setup time 

RDY input setup time | 60 

HOLD input setup time | 60 | 

Data high-order input hold time 2 SOF 

Data low-order input hold time Pe oe 
we 


RDY input hold time 
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Timer A input (count input in event counter mode) . 


Limits | 

to( Ta) TAjin input cycle time . | 125 | | 
twitan) | TAin input high-level pulse width | 62 | | 
ez || 


TAjin input low-level pulse width . | 62 | 














Timer A input (gating input in timer mode) 


TAjin input cycle time 
TAjin input high-level pulse width 250 
TAjn input tow-level pulse width 

















Timer A input (external trigger input in one-shot pulse mode) 


TAjin input cycle time 
TAjn input high-level pulse width 
TAjn input low-level pulse width 

















Timer A input (external trigger input in pulse width modulation mode) 


Symbol Parameter 


TAjin input high-level pulse width 
TAjn input low-level pulse width | 


Timer A input (up-down input in event counter mode) 


















TAjout input setup time 


tnacty-uP) TAjout input hold time 
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Timer B input (count input in event counter mode) 


TBjin input cycle time (one-edge count) 
TBjn input high-level pulse width (one-edge count) 
TBjin input low-level pulse width (one-edge count) 


TBjin input low-level pulse width (both-edges count) 
















Unit 















— | — {Ph _ 
NO} NM | Ot] M1 OQ] PM 
GM} O11}, OQ}, Rh] R/ O1 





Timer B input (pulse period measurement mode) 


ymbdo arameter Twin, | 











Unit 





TBly input cycle time 500 | | ns 
TBjin input high-level pulse width 250 Tons 
TBjin input low-level pulse width 250 | ons 


Timer B input (pulse width measurement mode) 


YMDO arameter Min. _| 















Unit 


Tala np ore Une a 
TBiin input high-level pulse width 20 | | ons | 
TBii input low-level pulse width 20 | | ns | 





A-D trigger input 


ympdo arameter Min. | 


ADrre input cycle time (minimum allowable trigger) 1000 Ll 
ADrag input low-level pulse width | 12] | 






Unit 



















Serial I/O 


Symbol Parameter Unit 
teccK) 


CLKj input cycle time 
CLKj input high-level pulse width 


Max. 

| 

| 

CLK; input low-level pulse width | | 
— 
ee? 

| ae 

ae 

















TxDj hold time 
RxDj input setup time 
thic—p) | RxDj input hold time 








External interrupt input 


Symbol Parameter _ Unit 





INT; input high-level pulse width | ons 
INT; input low-level pulse width | ons | 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Ves=0V, Ta=25C, f(Xjy)=16MHz, unless otherwise noted) 
Microprocessor mode | 


Port P4 data output delay time 
Port P5 data output delay time . 


Test conditions are shown in Fig. 93. 





When wait bit is “1” 


30 

Floating start delay time (BYTE=“L”) 

Address medium-order output delay time 

ALE output delay time 

36 

BHE output delay time 30 

30 

25 

25 

25 

25 
th( aLE—AH) Address high-order hold time 

: 

25 

18 

25 


Test conditions are shown in Fig. 93. a 








Limits 


70 





30 











24 
30 
24 





No ~S 


















50 





95 
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When wait bit is “0”, and external memory area is accessed | 


Address low-order output delay time 
a a 
Floating start delay time (BYTE=“L”) | ons | 
Dan a ee 
Address medium-order output delay time 
Data low-order output delay time 
Floating start delay time 


Address high-order output delay time | 30 | | 
Address high-order output delay time 24 
ALE output delay time 4 



















































35 
BLE output delay time 
R/W output delay time 
¢, output delay time Ps Or | 
Address low-order hold time 
Address medium-order hold time (BYTE=“L”) La 
Data high-order hold time (BYTE=“L”) 
Floating clear delay time (BYTE=“L”) 
25 
9 
a 










































Address medium-order hold time (BYTE=“H”) 
Address high-order hold time 

























thc e—r/w) R/W hold time 
STO, ST1 output delay time 
E pulse width 


Test conditions are shown in Fig. 93. 


Ao/MAg~A7/MAz7 

As/Dg~Aj5/Di5 

Aig/Do~Ao3/D7 
P4 
P5 
P6 


P7 
P8 
P9 





Fig.93 Testing circuit for ports 
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DRAM CONTROL SWITCHING CHARACTERISTICS 


Read state (Voc=5V4#10%, Vss=OV, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 


Limits 









No 
ocd nt 
oO © 


thicas—ca) Column address hold time after CAS 160 
R/W delay time before RAS 30 


R/W hold time after CAS 


td(e—RASL) RAS delay time after E low-level 


o) 





td(e—casv) CAS delay time after E low-level 


RAS delay time after E high-level 
td(e—casH) CAS delay time after E high-level 


Test conditions are shown in Fig. 93. 








bk 
Nid; Oo 
O;1O;oO 











Write state 


RAS high-level pulse width 
; 
1 


thcRas—RA) Row address hold time after RAS 


Column address delay time before CAS 
thicas=cas Column address hold time after CAS | 
td(a7w—ras) R/W delay time before RAS 


Limits 










— NO 
oO = 
o}o] ol oO 









CAS delay time after E low-level 
td(e—RASH) RAS delay time after E high-level 
td(eE—casuH) CAS delay time after E high-level 


Test conditions are shown in Fig. 93. 


Ww 

oO 
— 
NO} MIN | @® 
O;O;O0O};O 





Refresh state 


Parameter 


twinast) RAS low-level pulse width | 200 | =| ns 
TAS=RAS delay tne os ae eee 
CAS hold time after RAS 40 | | ns 


Test conditions are shown in Fig. 93. : 
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DMAC SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 


Limits 
Symbol Parameter 


tsu(DRa—¢,) DMAREQi input setup time 











tw(prRa) DMAREQi input pulse width 


td(e—sti) STO, ST1 output delay time 


td(¢,—pDak) DMAACKi output delay time 


td(aL—e) Address low-order output delay time 
td(e—pHa) Data high-order output delay time (BYTE=“L”) 


toxz(E—DHz) Data high-order floating start delay time (BYTE=“L”) 


td(am-e) Address medium-order output delay time 


td(e—pLa) Data low-order output delay time 


toxz(e—pLz) Data low-order floating start delay time 
td(aH—e) Address high-order output delay time 


td(aLe—eE) ALE output delay time 







oO 
oO 





N 
oO 


SN 


NS 
fe) 


—, 
co i<e) Nl NM LN NM} RM | RD NO |W | GW 1 @ | ®W WwW W W NUN 
on oO Or} CO] or] oO o}o| o Aa;o;o;oloa (a) (a) (an) mn); o 








tw(ALe) ALE pulse width 


BHE output delay time 

BLE output delay time 

R/W output delay time 

Address low-order hold time 
th( aALeE—am) Address medium-order hold time (BYTE=“L”) 
th(e—pHa) Data high-order hold time (BYTE=“L”) 


tozx(E—DHz) Data high-order floating release delay time (BYTE=“L”) 
Address medium-order hold time (BYTE=“H”) 
thi aLe—an) Address high-order hold time 


thi e—pbLa) Data low-order hold time 
tozx(e—DLz) Data low-order floating release delay time 
th(e—BHE) BHE hold time 











th(e—BLe) BLE hold time 


thc e—r/w) R/W hold time 


me 
wee 





Test conditions are shown in Fig. 94. 





Fig.94 Testing circuit for TC output delay time an 
TC output pulse width 
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TIMING DIAGRAM 
if tc twin) two) 


| Im tf P| ja ’ 
(Xin) | 


E 
ay tdie—psa) 
Port P4 output | x 
tsu(pap—e) 
Port P4 input _ th(e—pap) 
nig td(e—psa) 
Port P5 output D 
tsu(psp—e) 
— 
Port P5 input i th(e—psp). 
nang td(e—pea) 
Port P6 output x 
tsu(pep—E) 
parce 
Port P6 input ie thie—pep) 
Beg td(e—p7a) 
Port P7 output |X 
tsu(p7>—e) 
poe 
Port P7 input Ee thie—p7p) 
bg td(e—psa) 
Port P8 output |X 
tsu(psp—e) —— 
: 
Port P8 input ie th(e—pap) 
eS td(e—psa) 
Port P9 output BR. 
tsu(pep—e) —a 
Port P9 input a th(e—pop) 
td(e—P10Q) 
Port P10 output e, 
tsu(P10D—e) palaited 
Port P10 input | \thie-rrop) 
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to(ta) 


TA\in input 





te(up) 
TAjout input 
TAjourt input 
(Up-down input) \ 
in event counter mode 
TAjin input : 
(When count by falling) thotiy-uP) 2 ee: su(uP—Tiy) 
TAjin input 7; 
(When count by rising) 


to(TB) 












tw(TBH) 





TBijn input 


tc(ap) 


ADrrc input 


tc(ck) 


- S 


i a Se hee eee 
i = 


thic—p) 


tW(iNL) 
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Microprocessor mode (When wait bit=“1”) 


$; 


mil 


RDY input 


tsu(Rpy—¢,)} thi 4,—Rby) 


(When wait bit=“0”) 


$y 


RDY input 


(When wait bit=“1” or “O” in common) 
br 


tsu(HoLo—¢1) th(¢1—HoLD) 


HOLD input 


tdi ¢1—sri) td(¢1—sTi) 
STi output 


Test conditions 

* Voc=5V10% 

* Input timing voltage *° Vi.=1.0V, Vi;y=4.0V 

* Output timing voltage * Vo_=0.8V, Voy=2.0V 
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Microprocessor mode (When wait bit=“1”) 


twit) twiH) tf tr tc 
py 
tdie—¢,) i 
= twiev) 
E 


Ao~Az output 


Ag~A, 5/ 
Dg~Dy;5 output 
( BYTE= “a L”) 


‘Ag~A;5 output 
(BYTE="H”) 


Dg~Dy5 input 


Aie™Az3/ 
Do~ Ds output 


Do~ D7 input 


ALE output 


BHE output 


BLE output 


R/W output 


Test conditions 
° Voc= 5 V+10% 


* Output timing voltage : 


aes ee a 
es 










=) ss 
= bi 
ek a5 a 
|_| iF _ 
th(ace— -wof sc A coe toxz(e—ptz) tpzx(e—piz) 
0 a eo 
ae thice oc 
a = ac - 


tw(ALe) 
td(aLe—€) 


= 


ns pa BHE) 
ae E) eo te sues 


td(r/w-e) 





thie—R/w) 





Vo_=0. 8V, Von=2. OV 


. Do~ Dis input : Vit=0. 8V, Vin=2. 5V 





ate MITSUBISH 
ELECTRIC 


22/5 


MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





Microprocessor mode (When wait bit=“0”, and external memory area is accessed) 


(Xin) 





, | 
tac E—¢,) : 
twieL) 


th(aLe—am) 
Ag~Aj5/ Ea 


De~Djs output Address | | Data 
=e ESP 


mi 


(ness iY 


tpxz(e—pxz) 


iL] 


Ao~Az output 





tpzx(e—pHz) 






Address 






td(e—pxa) td(am—e) 


thie —am) 


(BYTE=“H”) 


td(am—ALe) 





a 


De~Di5 input 











th(aLe—an) ge Bi toxz(e—piz) tozxte—piz) 
Aig™ Ao3/ : os 
ew Cet Xa : 
nc td(e—pLa) 
AEE) tsu(pL—e) ae eee th(e—pL) 
Do~D, input 
a tW(ALE) td(aLe—e) 
ALE output ( . 
td(BHE—E) th(e—BHE) 
=: ee 
BE ot a 
th(e—rv/w) 
R/W output 


Test conditions 

*Voc= 5 V+10% 

* Output timing voltage > Vo. =0. 8V, Von=2. OV 
© Do~Di5 input : Vii=0. 8V, Vin=2. 5V 
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When DRAM control 


At reading 


At writing 


At refreshing :< 


td(Ras—cas) 
twinast a 


RAS output td(rRa—Ras) Ae 
tdiry sae td(e—casn) 
Re eee eT 


mi 








thicas—R/w) 
twicas) 


= ay 
CAS output 
td(e|—casv) 
tdica— 


MAgp~MaAsg : | pee eed 


ire 
output |W Row address ] Column address = 


R/W output 


td(ras—cas) 


twi RASH) 


a sce ee 
RAS output td(ra— a 


/ 


~~ | | 







Saat twicast) ya 
SAE output | tet 
SS es 
aD C=) 
output 
R/W output j 
tw(RAsL) 
RAS output 
td(cas—Ras) th(ras—cas) 
CAS output 


Test conditions 

*Vec= 5 V+10% 

* Output timing voltage : Vo, =0. 8V, Von=2. OV 
* Do~ Dis input : Vij=0. 8V, Viy=2. 5V 
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When DMA transfer 


* Burst transfer timing (External source DMAREQi) 

















oy 
| ke a 
DMAREQi 
STO 
td(e—sti) tdis,— DAK) 
DMAACKi 
td(aL— <a 
td(e—pHa) 
Ag~A\5/ - | 
(BYTE=“L”) i 
Ag~Ais5/ td(am— i a th(ALE—AM) 
(BYTE=“H”) 
d(E—DLQ) 
Do~D7 output 
oo th(aLe—AH) 
ALE output 
td(BHE— ——— th(e—BHE) 
os oni 
td(BLe—e) —T thie— BLE) 
_ tdirw-e) a es thie-rw) 
R/W output 
Test conditions 
: Voc=5V+10% 
* Output timing voltage * Vo. =0.8V, Von=2.0V 
. Do~ Dis input ‘ ViL=0.8V, Von=2.5V 
* DMAREQi input > Vip =0.8V, Von=2.5V 
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When DMA transfer 


* Cycle steal transfer timing (External source DMAREQi) 


$y 


mi 


ui 


DMAREQi 


STO 


DMAACKi 


Ao™~ Az output 


Ag~A, 5/ 
Dg~D,5 output 
(BYTE=“L”) 


Ag~Ai5/ 
Dsg~Dj,5 output 
(BYTE=“H”) 


Aie™Az3/ 
Do~D7 output 


ALE output 


BHE output 


BLE output 


R/W output 


tsu(pRa—4}) 


at — 


a em ~ 
td(a— ay eco es AL) 


tdiam— ya th(e—am) 






poaansrmnciatiag E) 


ee {vata YX Aacress cn rae ie 
tW(aLe) — td(aLe—E) 


td(BHE—E) 






th(e—BHE) 


th(e—sLe) 


Test conditions 

7 Voc=5V10% 

* Output timing voltage : Vo_=0.8V, Voy=2.0V 
. Do~ Dis input : Vii=0.8V, Von=2.5V 
> DMAREQi input > Vit =0.8V, Voy=2.5V 


( Aaaress | ( address | 





we SRE 


2—279 


MITSUBISHI MICROCOMPUTERS 


M37720S1AFP 


16-BIT CMOS MICROCOMPUTER 





When DMA transfer 


* 1-bus cycle transfer timing 


-4 


mil 


DMAACKi 


Ao~ Az output 


Ag~ Ais/ 
Dg~ Dis output 
(BYTE=“L”") 


Dg~ Dis input 


Aie™Aoz3/ 
Do~ D7 output 


ia —DAK) 
td(¢,;—pak) 
tdiaL— 
ae=0 Pew 
toxz(e—onz) 






tozx< E—DHZ) 


(wee) 
AOGIGSS ||’ Sicsaicnvesepavdcivntinaspiecendcanvaaviens 


tsu(bH—-E) 






tq(data) 


ia th(e—pH) 


td ¢4—DAK) 
a - 


th(e—av) 


aS 7 
a) 


wt ea 










toxz(e—piz) tozx(e—piz) 


{ Aasross | | 









th(e—bL) 
Do~ D7 input 
tw(ALe) > td(aLe—e) tW(ALe) = 
ALE output [ 
th(—E—BHE) — ae = BHE) 
a ee $F cate oe E) 
hecerioeini as 
a aa E) <> td(ee—e) 
sactonsine-ly os a: sla 
|_| a 
Test conditions 
° Vec=5V+£10% 
* Output timing voltage ° Vo, =0.8V, Voy=2.0V 
° Do~Di5 input ; ViiL=0.8V, VoH=2.5V 
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When DMA transfer 


* Transfer complete timing 


p; 


- 














STO 
td(¢,—Dak) 
DMAACKi 
td(aL—e) 
meray Poeae 


Ag~A, 5/ 


i 
— ae 
Ag~Ai5/ 


(BYTE=“H”) 
aera tdcan—e) 

Aie™ Az3/ 

Address ) Address Address Address 
Do~ D7 output 
ALE output 
—— | coil eticd 
__ | cease 


R/W output 


td(am—e) 


td(BHE-E) 


td( BLE—E) 


td(r/w-e) 


Test conditions 

* Voc=5VE10% 

* Output timing voltage * Vo. =0.8V, Von=2.0V 
. Do~ Dis input : Vii=0.8V, Von=2.5V 
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M37710 GROUP PROM VERSION 

The M37710 group has the PROM version which can be writ- 
ten into the internal PROM corresponding to the mask ROM 
version. | 7 

There are two types for PROM version : 


@One time PROM version which can be written once 
@EPROM version which can be written and erased repeat- 
edly 


The PROM version has the same functions as the mask ROM 
version except for a built-in PROM. Additionally, it has the 
EPROM mode for writing into the internal PROM. 

General purpose PROM writer can be used for writing, so that 
the PROM version is suitable for a small-quantity and various 
production. 


FEATURES 

@Available one time PROM version and windowed EPROM 
version 

@Choice of low supply voltage ; 2.7V—5.5V, wide operating 
temperature range version (“L” version) 

@Choice of two types as EPROM mode 
*256K mode ............. equivalent to EPROM M5M27C256K 
°1M mode................. equivalent to EPROM M5M27C101K 
%* The large internal memory version is fixed to 1M mode. 







Expansion of M37710 group PROM version 










ROM | Group name} Memory size |Frequency-Temp| Package 
type | +Memory | (Byte) « Supply Vol.| (Note 1) 
identification|ROM|RAM| B | L_| 
on | were [ax 108] @ | — 
Time 
once, ma771068 | 60x |2048| sex 
M37710E4 1024} @ feed 
@:NOW *:NEW xXx: UNDER DEVELOPMENT 
Note 1. “L” version’s package is 80P6D-A. Confirm its pack- 
age on the following pages. 
2. Do not use the windowed EPROM version for mass 


production, because it is a tool for program develop- 
ment (for evaluation). 
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DESCRIPTION 

The M37710E4BXXxXFP is a built-in PROM single-chip mic- 
rocomputers designed with high-performance CMOS sili- 
con gate technology. This is housed in a 80-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37710M4BXXXFP except that this chip has a 32K- 
byte PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business, and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writer can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. For program development, the M37710E4BFS 
with erasable ROM that is housed in a windowed ceramic 
LCC is also provided. 


PIN CONFIGURATION (TOP VIEW) 


++ P77/AN7/ADtrRe 


[S}+> P7,/AN, 
+> P72/ANo 
+> P73/AN3 
+ P74/ANg 
+> P7s5/ANs5 
+> P76/ANge 
1%] -> P85/CTSo/RTSo/DAo 
iSj+> P8,/CLKo 
EtRee P82/RxDo 
Bj +> P83/TxDo 


64] <> P84/CTS,/ATS,/DAy 

163] > P8</CLK, 

+> P8_/RxD, 

61] +> P87/T xD, 
P6,/INT> +> [3] 
P6,/INTo +> 
P6,/TMyy +> [2 
Pég/TMour/RTPI, +> [5] 


P5g/TASur/RTP1. +> [11] 


P5g/TA2iny/RTPI, +> L12! 
P§4/TA2gy7/RTP1y +> 13] 
P5a/TAt y/RTPO, +> [1 
P5o/TAI ou7/RTP02 ++ 15] 
P5,/TADiny/RTPO, +> L16) 
P§/T. Adout/RTP0p - 
P47/DBC* +» [18] 


52] +> Plo/Ag/Da 

SI] +> Pl4/Ag/Dg 

50] +> Pto/Arq/Dio 
GB] +> Pia/Ay4/Di 4 
48} <> Pi 4/Ayo/Dy2 
pad Pic/Aya/D13 
45} > Pio/Ay4/Dy4 


d4axxxdvsao0lZzZew 








FEATURES 5] +> PIy/Ais/Dss 
@ Number of basic instructions: ere 103 44} +> P2o/Ay@/Do 
@ Memory size =) = @) \\ ee ere 32K bytes 42] +> P2y/Ayg/D> 
ov’ Ree eer er eee eee 1024 bytes TTS Hi} +> P2s/Arg/Ds 

@ Instruction execution time pores 

The fastest instruction at 25MHz frequency ---:---: 160ns S cacd 
@ Single power supply :-receeeteteeeee 5V+10% gSSss 
@ Low power dissipation (at 25MHz frequency) ee 

Abe ueaees busie ombhen weeuee 95mW (Typ.) Outline 80P6N-A 

@ Interrlipts 2-22 -Festeer er esee nee sooo ete enesedenee 19 types 7 levels 
@ Multiple function 16-bit timer ------- ee 5+3 * : Used in the evaluation chip mode only 

(Pulse motor drive waveform can be output.) 
@ UART (may also be synchronous) ore ee re 9 
@ 10-bit A-D converter---::::17rsrrerrrrree ee 8-channe! inputs APPLICATION ; 
6: Shit. DA Convener -o eee eee: 2-channel outputs Control GevIcEs for eUlce equipment such as copiers, prin- 
@ 12-bit watchdog timer ters, typewriters, facsimiles, word processors, and personal 
@ Programmable input/output computers : ; 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) see 68 Control devices for maustia equipment such as com- 

munication and measuring instruments 

NOTE. 

(1) Do not use the M37710E4BFS for mass production be- 
cause it is a tool for program development (for eval- 
ution). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 
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Clock input Clock output Enable output Reset input ee ~ ( fe aN ss input selection input 
Xin Xour E RESET BYTE 
——4i- an ane a: aa » aa ae — ——— 7 oT aa 






Instruction Register (8) 
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FUNCTIONS OF M37710E4BXXXFP 


Parameter Functions 
Number of basic instructions 103 
Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
32K bytes 
RAM 1024 bytes 
PO~P2, P4~P8 8 -bitX 8 
4 -bitX 1 
TAO, TA1, TA2, TAS, TA4 16-bitX 5 
TBO, TB1, TB2 16-bitX 3 
Serial I/O (UART or clock synchronous serial 1/O) X2 
A-D converter 10-bitX 1 (8 channels) 


Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
Interrupts : ce 
| (Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 


Power dissipation 95mW(at external clock 25MHz frequency) 


Output current 














Memory size 











Input/Output ports 





























Input/Output characteristic 








Memory expansion Maximum 16M bytes 





Operating temperature range 


M37710E4BXXXFP 80-pin plastic molded QFP 
Package : ; ; : 
M37710E4BFS 80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION 


Power supply 
Vss 
CNVsgzg input Input 


Xin Clock input Input 
Xout Clock output Output 
Enable output 


Bus width selection input 


Supply 5 V+10% to Vcc and 0 V to Vgs. 


a 
9 
g 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. , 


fe) 
z 
< 
& 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xijy and Xoyr. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





Bs) 
m 
oe) 
m 
+ 


BYTE 








Analog supply input 


Power supply for the A-D converter. AVss is also used for D-A converter. Connect AVcc to Voc and AVsgs to 
Vss externally. 


VREF Reference voltage input This is reference voitage input pin for the A-D converter and the D-A converter. 

PQo~P07 1/O port PO In single-chip mode, port PO becomes an 8-bit I/O port. An !/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7~Ap)is output in memory expansion mode or microprocessor mode. 

P1g~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D15~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H’. 
lf the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5;~Ag)is output. 

P29~P27 I/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7;~Dg) is input or output when E output is “L” and an address(Ao3~ Ai6)is 
output when E output is “H”. 

P30~P33 1/O port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

P49~P47 I/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4,) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4. can be program- 
med for ¢; output pin divided the clock to Xj, pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin.. 

P5o~P57 1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer AO, timer A1, timer A2 and timer A3..P59~P5, also function as output pins for pulse motor 
drive waveform. 

P69~P67 1/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INT, INT; and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. P6> also functions as output pin for pulse motor drive waveform. 


P79~P77 1/0 port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 

P89~P87 1/0 port P8& . VO In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 





= 
ie) 


> > 
<< 
8 8 
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PIN DESCRIPTION (EPROM MODE) 


Supply 5 V~10% to Voc and 0 V to Vss. 


Voc: Vss Power supply 











CNVss Vpp input Connect to Vpp when programming or verifing. 














BYTE Connect to Vpp when programming or verifing. 
RESET Reset input Connect to Vss. 
XIN Clock input Connect a ceramic resonator between Xjy and Xour. 








Xout Clock output Output 
Enable output Output 
AVcc, AVss_ | Analog supply input 


Vrer Reference voltage inpu 


Keep open. 


Connect AVcc to Vcc and AVsgzg to Vs. 
Connect to Vss. 


t 
PO 9~P0, Address input (Ap~Az7) Port PO functions as the lower 8 bits address input (Ap~Az). 


Pio~P17 Address input (Ag~Ajs5) Port P1p~P17 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 


P29~P27 Data I/O (Do~D7) 1/0 Port P2 functions as the 8 bits data bus (Do~D7). 


P59*,P5; and P52 functions as PGM*, OE and CE input pin respectively. 


P59~P57 Control signal input 
Connect P53, P54 and P55 to Vcc. Connect P5g to Vssg in 256K mode and to Vcc in 1M mode. Connect P57 to 
Vss. 







* ° It is available in 1M mode. 
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BASIC FUNCTION BLOCKS 

The M37710E4BXXXFP has the same functions as the 
M37710M4BXXXFP except that the built-in ROM is PROM. 
Therefore, refer to the section on the M37710M4BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


000000), 000000;.¢ 
00007 Fig 


000080). Peripheral devices 
Internal RAM . control registers 
1024 bytes 


Bank O16 


OOFFFFi¢ ~ 
01000016 00007Fi¢ 
00047F 4. 





Bank 116 Reserved area 


4 Do not use 
O1FFFFi¢ .< this area. 


ong is Interrupt vector table 


UARTO receive 
FE0000;¢ Timer A4 


Timer A2 
Bank FE,, Internal PROM Timer A1 
Ti A 
32K bytes = : 
FEFFFFi, an 


INT, 
FFOO00i.¢ 
Watchdog timer 


Bank FFi¢ O0FFD6,, 
\ 


BRK instruction 
\ Zero divide 
RESET 





FFFFFFi¢ OOFFFFi¢ 





Fig. 1 Memory map 
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EPROM MODE 

The M37710E4BXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 2 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 


the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program aigorithm. The program area 
should specify address 0000,,~ 7FFF;, in 256K mode, and 
address 18000;,~1FFFF,. in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xiy pin and Xoyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 

For EPROM version (with window), 1M mode should be re- 
commended because EPROM version is repeated to write 
and erase. 1M mode is faster than 256K mode for writing. 








[Sl+> P7,/AN, 


P7g/ANg +> a 
P67/TB2iny <>. 
P66/TBl iy + 

pee P6,/INT2 ~~ 


Equivalent to 
M5M27C 256K P6o/TA4our/RIP13 +> [9] 


“—o- 


Equivalent to 
M5M27C256K 


Q 


Equivalent to S 
seveeninnd a 
a 


G 


P§e/TA3pur/RTP1 2 +> Wy 
P5g/TA2in/RTPI, +> 
P54/TA2Zour/RTP 19 +> 
P§4/TA1;y/RTPO3 +> L!4] 
P5a/TAlour/RTP0. +> 
P5,/TAQ,y/RTPO, +> L16! 
P§q/TAQgut/RTP0y +> 


Equivalent to 
M5M27C 101K 


P4,/RDY +> 





Fig. 2 Pin connection in EPROM mode 


S] 


P49/HOLD «+ 


ddxXxXxarva0lZlew 





Fa 
[S| 
Ei 
[S| 
[3 | 
[3 | 


i) 
> 





Outline 80P6N-A 





Elpae P82/RxDo 
+> P83/TxDo 


EI 


[64] +> PB4/CTS,/RTS,/DA, 
<< P8./CLK, 
+? P8_/RxD, 
61] <> P8./T,D, 


CAD) 
=<? Pto/Ag/Dg 
+> P11/Ag/Dg 
+> P15/A1o/D19 ————@) 
[49] +> P15/A,,/D,; ————@ip 7 


Equivalent to 
M5M27C256K 


48] > P14/Ay2/D42 
+> Pts/Ai3/D13 ——————@i) 


46] +> P16/A,4/D14 
+> Pir/Ays/D15 


Go| 9 


P33/HLDA ++ 


[44] +> P2o/Ay¢/09 ——————-Co 
+> P2,/Ay7/D, en 

++ P2./A,g/D2. ———_o2) Equivalent to 
lat) +> P23/A,9/D3 —————Co> M5M27C101K 





P32/ALE ++ 

P3,/BHE + 

P39/R/W + 

= P27/A23/D7 Se 

P26/A22/De — 

P25/Ao,;/D5 > 
P24/Az29/D4 + [| 





7 

Cs) 
5) 
a) 





* ! Connect to ceramic oscillation circuit. 
|» ‘ Itis used in the EPROM mode. 
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Table 1. Pin function in EPROM mode 


——nerriaksenor | memerc2sex | Mewa7o101K 
eae 
Data 1/0 









<= 
| Pam | P5e* TPM 





* ° In 256K mode, connect P17 and P5o to Vcc. 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ayg~Aj5) to be read, and the 
data will be output to the I/O pins Do ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Aj>~Ajs, and the data to 
be written is input to pins Do~D7. Set the PGM pin to a “L” 
level to being writing. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15 W-s/cm’. 


Writing operation 

To program the M37710E4BXXXFP, first set Voc=6V, Vpp= 
12.5V, and set the address to 18000;,¢. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (X) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2X X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vep=5V( or Voc=Vpp=5.5V). 


Table 2. 1I/O signal in each mode 





Note 1 : 


An X indicates either Vi. or Vin. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=255C, Veoc=6V40. 25V, Vpp=12. 5-£0. 3V, unless otherwise noted) 





tas Address setup time 

toes OE setup time 
Pos | Datascuptime SS SSSCS~S 
Address hold time 


tos | Data valid trom OE SSCS 


ie ee Data hold time 














MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37710E4BXXXFP 
M37710E4BFS 


PROM VERSION of M37710M4BXXXFP 





AC waveforms 
ce TS a 


Vie 


Vin 


DATA fata [oata outPur vaLio] VALID -} 
<== 
Vpp 
' — 
Voc 


Vec+1 
Voc 
Vcc 
Vin 
CE 
. ——— 
Vin 
PGM a, 
. Vie 
Vin 


aaa 
O E | topw 


- Test conditions for A.C. characteristics 
Input voltage : V;,=0.45V, Vi4=2.4V 
Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 


START “L"=0.8V, “H”=2V 
ADDR=FIRST LOCATION 


Voec=6.0V 
Vpp=1 2.5V 


Programming algorithm flow chart 








PROGRAM ONE PULSE OF 0.2ms 
X=X+1 


FAIL DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 






INCREMENT ADDR 


LAST ADDR ? 
YES 
Voc= Vpp= *5.0V 


ALL BYTE FAILED 
PASS 
DEVICE PASSED *4.5V <Voc=Vpp<5.5V 


a 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj,,4) to be read, and the 
data will be output to the I/O pins Dp ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~A,,4, and the data to be written is input to pins Do 
~Dy7. Set the CE pin to a “L” level to being writing. 


Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15 W-s/cm’. 


Writing operation 

To program the M37710E4BXXXFP, first set Vcc=6V, Vpp= 
12.5V, and set the address to “0”. Apply a 1ms write pulse, 
check that the data can be read, and if it cannot be read 
OK, repeat the procedure, applying a 1ms write pulse and 
checking that the data can be read until it can be read OK. 
Record the accumulated number of pulse applied (X) be- 
fore the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3X X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V(0r Vec=Vpp=5.5V). 


Table 3. I/O signal in each mode 
















Programming] Vu_| Vw | 12.5V input 


CE 
Vir 
Vit 
Vin ae 
| Vu |v | 6v | 
P mmi 
ane ge: 12. 5V Output 
Verify 
Program Disable] Vin | Vin | 12.5V Floating 


Note 1 An X indicates either Vi_ or Vin. 






ree [ow [vo | ome 
Read-out | Vu | sv | Sv | Output | 
Output = | Mw | Vn | SV | 5V | Floating | 
Disable | Vin_| sv [| 5v 
5 6V 
6V 


Vit 

| x | Sv | 
1H 
Vit 


Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vcoc=6V40. 25V, Vpp=12. 5-40. 3V, unless otherwise noted) 







Symbol Parameter 









Address setup time 





OE setup time 





Data setup time 
Address hold time 


Data hold time 
Output enable to output float delay 














Vtos [Data valid from OE 





oes 


Test conditions 





Ne 
00 
on 





Limits 
Typ. 















od 
ww 
© 


US 
us 
us 
us 
LS 
LS 
LS 


1.05 
78.75 
| ns 


oO 
i<e) 
oO 





150 
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AC waveforms 


cl 


VERIFY 


DATA OUTPUT 
VALID 


4 


PROGRAM 
Vir 
Vin/Vow pie 
DATA | { DATA SET 
ye aa be 
Voc 
Vect1 a 
Voc 
Vin 
se 
Vin Pe es aera 
OE 
Vit | 


Programming algorithm flow chart 


START 


ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp=12.5V 







X=0 


X=X+1 


— 


YES 





INCREMENT ADDR LAST ADDR ? 
YES 


“ Vec=Vpp=*5.0V 


PROGRAM/VERIFY 
PROGRAM PULSE 
OF 3Xms DURATION 


PROGRAM ONE PULSE OF ims 





FAIL | DEVICE 
FAILED 


PASS 





VERIFY FAIL | DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and may 
affect badly the erasure capability (ceramic package 
product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 
(5) The programmable M37710E4BFP that are shipped in 
blank is also provided. For the M37710E4BFP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 

to the flow below before use is recommended. 


Writing with PROM writer 


Screening 









(Caution) 






(Leave at 150°C for 40 hours) 


Verify test with PROM writer 





(Roe ee ee ge gee ee ae 

| Function check in target device : 

a are cate aul 
Caution : Never expose to 150 C exceeding 100 hours. 


ADDRESSING MODES 

The M37710E4BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37710E4BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 

(1) M37710E4BXXXFP writing to PROM order confirmation 
form 

80P6N mark specification form 

ROM data (EPROM 8 sets) 


Wj ho 
_— 
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ABSOLUTE MAXIMUM RATINGS 


I Wee. | Supply voltage 
—0.3~Voc+0. 3 


Voc 

AVcoc Analog supply voltage 

Vi 

: sien a 
r 










ee ee 
eer eR Rae ates ESE 
input voltage RESET, CNVss, BYTE Po 0, 3-~12 (Note 1) 





awe i 


Input voltage PQo~P07, P1p~P17, P29~P27, P89~P33, 






P4o~P47, P5y~P5z, P6y~P6z, P7>~P77, 
P89~P87, Vrer, Xin 


Vv 
Vv 
V 
V 
Output voltage PO9~P07, P19~P17, P29~P27, P3p~P33, 
Vv 


P4y~P47, P5g~P57, P6g9~P67, P7>~P77, 





P89~ P87, Xour, E 








[Pq | Power lssipaion ——SSSSSCSCS~iC 300 mW 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 











RECOMMENDED OPERATING CONDITIONS (vVcc=5v+10%, Ta=—20~85°, unless otherwise noted) 


Symbol Parameter 


Supply voltage 2 

Analog supply voltage Vo 
Supply voltage 
Analog supply voltage 


; High-level input voltage POQ9~P07, P39~P33, P49 ~P4,, 
P50~ P57, P6)~ P67, P7o~ P77, 
P89~P8,, Xin, RESET, CNVss, 
BYTE 


High-level input voltage Plp~P17, P29~P27 
(in single-chip mode) : 


V 

“NM 
High-level input voltage P19~P17, P29~P27 

V 

V 

V 


1H 

tH 

1H (in memory expansion mode and 
microprocessor mode) 

H 






< 


ad 
0 {OQ 
s . . < 
9 
fe) 








< 
?) 
@) 


< 
ie) 
QO 











0. 5Voc 






Low-level input voltage P1lo~P17, P29>~P27 
(in single-chip mode) 







Low-level input voltage P19~P17, P29 ~P27 
(in memory expansion mode and 
microprocessor mode) 






High-level peak output current POg~P07, Plgo~P17, P29~P27, 
P39~P33, P4g~P47, P5p~ P57, 
P69~ P67, P7>~P77, P89~ P87 
High-level average output current POg~P07, Plo~P17, P2o~P2z, 
P3o~P3s3, P4o~P47, P5o~ P57, 
P69~P67, P7o~P77, P89~P87 
Low-level peak output current POg~P07, Plo~P17, P29~P27, 
P39~P33, P4p~P47, P5g~P5z, 
P69~P67, P7o>~P77, P89~P87 
Low-level average output current POg~P07, Plg~P17, P29~P2z, 
P39~P33, P4o~P47, PSp~P5, 
P69~P67, P7>~P77, P89~P87 


Low-level input voltage PO9~P07, P3g~P33, P49~P4;, 
V 
lo 


P5o~ P57, P69~P6r, P79~P77, 
P89~ P87, Xin, RESET, CNVss, 
BYTE 


lo.vavg) 


f(Xin) External clock frequency input 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


uh 
Oo 

x 
> 















S = 
< < = 
0 oO wi 
0 0 


mm 

oO 

ei 
> 

















fs 
Ei 
> 
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ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25C, f(Xjy)=25MHz, unless otherwise noted) 


Limits 
Parameter Test conditions  timits Unit 
a ee ee ee Typ. | Max. 


High-level output voltage PO 9~P07, P1lp~P17, P29~P27, 
P3o, P3;,, P3s, P4p~P4;, 

P5o~P57, P69~P67, P7o~P77, 
P8~ P87 


High-level output voltage POg~P07, Plip~P17, P29~P2z, 
lonp=—400uA . 
P39, P31, P33 





















lox=—1 OmA 


= 



















Vou 4.7 
Vv High-level output voltage P3 yee Aa Bs] 
] -“level OUuUCpUE voltage 
al 3 j Penis lon=—4004A 4.8 
Vv High-level output voltage E lon Sens 3.4 
t “level output voitlage 
OH g p g lon=—4002A 








Low-level output voltage POg~P0;7, P1p~P17, P29~P27, 
P3o, P3,, P33, P49~P4z, 



















Vou P&>~P5r, P6y~P67, P7>~P77, | [Ok OMA 
P8)~P87 
Vx Low-level output voltage POg~P07, Pip~P17, P29~P27, 
P39, P31, P33 
loc =10mA 
lop =2mA 








loL=10mA 


loL=2mA 


S| ¢ 
Do} os 








INT o~INTo, ADrac, CTSo, CTS), CLKo, CLK, 


Hysteresis RESET 


High-level input current POg~P07, Pip~P17, P2o~P27, 










P39~P33, P4g~P47, P5p~P5;, 
P69~ P67, P79~P77, P89~ P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current POg~P07, Pigp~P17, P29~P27, 
P39~P33, P49~P47, P59~P57, 
P69~ P67, P7p>~P77, P89~ P87, 
Xin, RESET, CNVss, BYTE 







is 


Bs 


















on 
> 


ya) 













When clock is stopped. 


f(Xin) =25MHz, 
square waveform 
Ta=25C when clock 
is stopped. 


Ta=85°C when clock 
is stopped. 


RAM hold voltage 







et 


=) oO 
| () (o) s . 
W 7 . > > 
oO — (oe) on Wo —_ W o1 ie) 


3 
> 







In single-chip mode 





output only pin is 





Power supply current , 
open and other pins 





are Vsg during reset. 






RO 
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A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=0V, Ta=25°C, f(Xin)==25MHz, unless otherwise noted) 


: 
Symbol Parameter Test conditions 


| =— | Resolution Vaer=Voc 
eer coem ee 
ee meanness 
| Via [Analog inputvottage | 























Limits 
Typ. 


Resolution 


Reference power input current (Note 1) 


Note 1. One D-A converter is used, and the value of D-A register for unused D-A converter is “00,,”. 
Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=O0V, Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 
External clock input 



























Parameter ; 
Min. 
External clock input cycle time 40 


tw(H) External clock input high-level pulse width 










twiL) External clock input low-level pulse width 


External clock rise time 
External clock fall time 
Single-chip mode 


Symbol 


Port PO input setup time 
Port P1 input setup time 





et | ed 
ola 

















Parameter Unit 





Port P2 input setup time 
Port P3 input setup time 


Port P5 input setup time 
Port P6 input setup time 


E) 
E) i 
E) i 
E) i 

Port P7 input setup time 





Memory expansion mode and microprocessor mode 


30 
30 
55 
HOLD input setup time 55 
Port P1 input hold time 


RDY input hold time 
th(¢4—HOLD) | HOLD input hold time 





Limits 
Unit 





















MITSUBISHI MICROCOMPUTERS 


M37710E4BXXXFP 
M37710E4BFS 


PROM VERSION of M37710M4BXXXFP 





Timer A input (Count input in event counter mode) 


ils ee 
TAijy input cycle time 80 
TAiiy input high-level pulse width : 40 
, : i 40 















TAi\y input low-level pulse width | 40 


Timer A input (Gating input in timer mode) 


TAiy input cycle time 
TAiyy input high-level pulse width 
TAiy input low-level pulse width 








Timer A input (External trigger input in one-shot pulse mode) 


Limits 
TAiin input cycle time | 160 | | 
TAiwy input high-level pulse width | go | 


TAiy input low-level pulse width 









Unit 








Timer A input (External trigger input in pulse width modulation mode) 


ymbdo arameter Pian | 


TAiy input high-level pulse width = Saeed 
TAi\y input low-level pulse width | go | | 


Unit 





Timer A input (Up-down input in event counter mode) 


Limits 


TAiour input cycle time 2000 
TAiour input high-level pulse width 1000 


= 

| — 4 

twiuer) | TAlour input ow-ievel pulse wih SSS (100 | 
| i — 

fa 





Unit 










th(ty-uUP) TAiout input hold time 





400 
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Timer B input (Count input in event counter mode) 











TBijy input cycle time (one edge count) 
TBiy input high-level pulse width (one edge count) 
TBi input low-level pulse width (one edge count) 


Timer B input (Pulse period measurement mode) 


TBiy input cycle time (both edges count) 16 
TBiy input high-level pulse width (both edges count) 
TBiy input low-level pulse width (both edges count) 








Min. | 
| 80_| 
om 
| 80_| 
80) 


Limits 
Symbol Parameter 


TBiy input cycle time 


tw(TBH) TBiy input high-level pulse width 














tw(TBL) TBiyy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol 


TBijy input cycle time 


Parameter 








TBiwy input high-level pulse width 


TBijy input low-level pulse width 


A-D trigger input 


Symbol 


Parameter 











tc( ap) ADrre input cycle time (minimum allowable trigger) 
tw(aDL) ADrrg input low-level pulse width 





Serial I/O 


Symbol 
te(cK) CLKj input cycle time 


Parameter 








CLK; input high-level pulse width 





CLKj input low-level pulse width 


td(c—a) TxDj output delay time 


TxD} hold time 











RxDj input setup time 











RxDj input hold time 





External interrupt INTj input 


Symbol 


Parameter 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=O0V, Ta=25, f(Xiy)=25MHz, unless otherwise noted) 
Single-chip mode | 


; 
Symbol Parameter Test conditions 


: am 
m 4 
ae 

a 

| a 



















td(c&—psaq) 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Limits 


td( poa—e) Port PO address output delay time 
) 






Unit 





td(e—P1a0) Port P1 data output delay time (BYTE=“L”) 
toxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 










ALE pulse width 
BHE output delay time 


th(e—p1a) Port P1 address hold time (BYTE=“H”) 
thc aLe—p2a) | Port P2 address hold time. 


E pulse width 



















R/W output delay time 




























12 
45 
5 
12 
5 
45 
5 
12 
5 
50 
22 
20 
20 
25 
25 
25 
25 
25 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
tpxz(e—piz) | Port P1 floating start delay time (BYTE="L”) 
) 


Limits 













Unit 


_ 
No 





Port P1 address output delay time 
td(pia—ace) | Port P1 address output delay time 








Port P1 floating release delay time (BYTE=“L”) 


R/W hold time 
E pulse width 






Ww NO YR NEN TR N MPR TNR — —_ 
co) ay;o O1} O01) OF oO O}O];P O1 | RO Ol} DO 
Oo > pS 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


td( poa—e) Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE="L”) 
: ; 







Limits 
Unit 









Port P2 address output delay time 
Port P2 address output delay time 





) 
) 
HLDA output delay time 
ALE output delay time 
ALE pulse width 
BHE output delay time 

E) i 

) 





Port PO address hold time 
Port P1 address hold time (BYTE="L”) 
Port P1 address hold time (BYTE=“H”) 















BHE hold time 
th(e—R/w) R/W hold time 
E pulse width 





ome 

W ~m]ININTMITMINMINM ERO] Dd Oi SN] oO SI} oO oO 

co) OPoajo1 aso! ojos, ao; on yO;o ORM Orn RO 
ol > > 





Fig. 3 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf t 
Single-chip mode : tw) tou) 
f(Xin) 
E 
Ba tdie—pog) 
Port PO output B: 
tsu(poo—e€) = 
my tdie—piq) 
Port P1 output |X 
tsu(p1p—e) 
peat 
Port P1 input LS thie-P1D) 
nag tdie—p2a) 
Port P2 output |X 
tsu(p20-€) 
pa 
Port P2 input ie thie—p2p) 
nag td(e—p3a) 
Port P3 output | X 
tsu(p30—€) 
_— 
Port P3 input ae thie—p3o) 
— ] tdie—paq) 
Port P4 output B, 
tsu(pso—e) > 
Port P4 input thie—pao) 
la tdie—Psa) 
Port PS output © 
tsu(pso—e) = 
Port P5 input ie th(e—psp) 
nang td(e—ps6a) 
Port P6 output Xx 
tsu(p60—e) 
_— 
Port P6 input as) thie—Pep) 
wag td(e—-p7a) 
Port P7 output x 
tsu(p7D—-E) = 
| P 
Port P7 input , thie—p7p) 
| td(e—paa) 
Port P8 output B. 
tsu(psp—e) peace 
Port P8 input ee th(e—psp) 
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te(ta) 


TAiin input 









tecup) 





tw(uPH) 





TAiour input 


TAiour input 
(Up-down input) 


YN 


In Event counter mode 


TAin input 


(When count by falling) 
. . 
(When count by rising) 















TBiy input 
te(ao) 
tw (ad) 
ADtrcG input 
teicK) 
CLK; 


- 2 2 ae 


tsu(p-c) thic—p) 


RxD; 


Zz 


Tj input 








MITSUBISHI MICROCOMPUTERS 


M37710E4BXXXFP 
M37710E4BFS 


PROM VERSION of M37710M4BXXXFP 





Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 
“ a oe 2 ey a cee aa ee Oe ee ee 


fro rrr re eee 


/ 


m| 


RDY input 


(When wait bit = “0”) 


Py 


fr ee ampDeanmp amare aw @eemen ae awe aw aw — 


/ 


mi 


RDY input 


tsu(roy—¢,)}  th(¢1—Rpy) 


(When wait bit = “1” or “0” in common) 


gy 


th(¢,—HoLD) 


tsu(HOLD—4,) 


HOLD input 







td(4,—HLDA) td(4,—HLDA) 


HLDA output 


Test conditions 

* Voc = 5V110% 

* Input timing voltage ° Vy = 1.0V, Vix = 4. 0V 

* Output timing voltage > Vo, = 0. 8V, Voy = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit=“1”") 





td(e-9;) 


d(e—¢;) 


mi 3 


tdipoa—e) 


ewes |) 


tt 






Port PO output Cl Address ,:- 
(Ag~Az) art=| 


thiace— min PY} ter tpzx(e—P1z) 
(Ag~A;5/Dg~D,5) 


(BYTE="L") d(P1A—ALE) coll rears 


ra ot eS | 
(Ag~Ais) 
(BYTE="H") -—| thie—pip) 
Port P1 input 


ro = as a <0) —_ 


(Aie~Az3/Do~D7) 





th(e—p1a) 


om (“xeon [) 
\ |p 


tpzx(e—P2z) 









Address 






tsu(p20-e) 
— td(p2a—ace) ar P2Q) — thie—p20) 
Port P2 input 
tWCALe) 
| td(ace—e) 
Port P3, output . 
(ALE) 
tdi pHe—e) 


th(e—BHeE) 


(BHE) 


td(pyw—e€) 


thie—Rw) 


Port P3, output 
(R/W) 


Test conditions 

* Vec=5V410% 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


Port PO output 
(Ag~Ayz) 


Port P1 output 


(Ag~As/Dg~ D5) 


(BYTE="L”) 


Port P1 output 
(Ag~Ajs) 
(BYTE="H") 


Port P1 input 


Port P2 output 


(Aie~Az3/Do~D7) 


Port P2 input. 


Port P3, output 
(ALE) 


Port P3, output 
(BHE) 


Port P39 output 
(R/W) 


Test conditions 


r. Voc=5V41 0% 


a 
=) aD 


Address 


Hooaes 







th(e—Pr) 


i tozx(e=P2z) 


Address 


td(p2a—ALe) 


| 
r\ td(ace—e) 


tdi eee) 
tdiryw-e) , 
h(e- Rw) 


* Output timing voltage > Vo_=0. 8V, Von=2. OV 


* Ports P1, P2 input 


: V;L=0. 8V, Vin=z2. 5V 
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Memory expansion mode and microprocessor mode 
(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 
(Xin) 


dy 


td(e—4) 


mi 





tput 
(Aw Ay) (Adress | B. 
th(ace—P1A) | tozx (e—P1z) 


Eee ni | 
fan : {eee [YC sasress Dp ----- 


(BYTE=“L”) td(e—P1a) 
td(P1a—ALe) tdreiee) 


ner) 
tput 
ie Tae 


(BYTE=“H”) 
as is th(e—p1b) 
Port P1 input 
Port P2 output S| 
(raaress| |) XC aaaress_|) 









(Aie~Az3/Do~ D7) X Address | prewr-3r--- Address 


| Kata 
aT — taieeesa) pieces 
td(p2a—aLe) ae 
Port P2 input 
Port P32 output -— 
(ALE) y 


tsu(p2p—E) 


td(BHEe—e) th 
_ ) 
[Saas piled 
ea | (ari ee Ca 
(BHE) ie 
td(R/w—-e) th 
(E—R/W) 


Port f P39 output 
(R/W) 


Test conditions 

* Voo=5V+10% 

* Output timing voltage > Vo,=0. 8V, Vony=2. OV 
* Ports P1, P2 input > Vip=0. 8V, Viy=2. 5V 





MITSUBISHI MICROCOMPUTERS 


M37710E8BXXXFP 





M37710E8BFS 


PROM VERSION of M37710M8BXXXFP 





DESCRIPTION 

The M37710E8BXXXFP is a built-in PROM single-chip mic- 
rocomputer designed with high-performance CMOS silicon 
gate technology. This is housed in a 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M37710M8BXXXFP except that this chip has a 32K-byte 
PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business, and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writer can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. For program development, the M37710E8BFS 
with erasable ROM that is housed in a windowed ceramic 
LCC is also provided. 


FEATURES 
@ Number of basic instructions 10S .020:0) 6:0 0:4 8:6 6.0 0 Sie w's 66108 8 we ee eLe 8 oe 103 
@ Memory size PROM °:°-e+:: pesbensi neta aiicowads 60K bytes 
RAM ceccrccerccercs eters sete seeeeees 2048 bytes 
@ instruction execution time 
The fastest instruction at 25MHz frequency --::::::- 160ns 
e Single power SUDPly screeerreeeeereeeeeeees Load eaieag 5V+10% 
@ Low power dissipation (at 25MHz frequency) 
g6 Uae edie Damen Pew awa eat 95mW (Typ.) 
@ Interrupts SRSA NSN Gie ee Onions ae RANUS SS SEES Cae Saws Se 19 types 7 levels 
e Multiple function 16-bit timer -ccccccrt ere eee eects 5+3 
(Pulse motor drive waveform can be output.) 
@ UART (may also be synchronous) dm deelaelgcs inane ais iin w wloin wine g eae 2 
@ 10-bit A-D converter::::::::: srr rrr eee 8-channel inputs 
@ 8-bit D-A Converter :*:-::7:r esrterreeer ee 2-channel outputs 
@ 12-bit watchdog timer 
@® Programmable input/output 


PIN CONFIGURATION (TOP VIEW) 


AVss 
1=|}<— Vrer 

AVcc 

Voc 


~ 
Oo 


Vss 
12}+> P85/CTSo/RTSo/DAo 


S| —: P7,/AN;, 

TS] ++ P72/AN> 

Eliee P73/AN3 

Bi — P74/AN4, 

| aes P75/ANs 

fa]+> P756/ANg 

P=] P77/AN7/AD tag 
2 ]++ P8,/CLKo 
[S|++ P8B2/RxDo 

Elpae P83/TxDo 


El 
rs ] 


64] +> P84/CTS,/RTS,/DA, 
+> P86/CLK, 
=. P86 /RxD, 
61] <> P8,/T,D, 
60) Pat P0o/Ap 

59] +> P0,/A, 

+> P0o/A> 

+> P0s/Ag 

56] <> PQ,/A, 

+> P0c/As 

54] +> P0¢/Ag 

+> P07/A7 

+> Plo/Ag/Dg 
51] +> P11/Ag/Dg 
50] +> P15/Aiq/D49 
49] > Pto/A,4/D4, 
48] +> Pta/Ayo/D yo 
-_ Pts/A13/D13 
46] > PIc/A,4/Dy4 
> Pir/Ays/Dy5 
44] +> P2o/Ar6/Do 
+> P2,/A,7/D, 
- P2o/A48/Do 
+> P25/Ay9/D5 


P7p/ANy +> [1 
P67/TB2iy - 
P6g/TBtiny + 
P6s/TBO0iny +> L4| 

P6,/INT. +> [5] 

P6a/INT, +» [6] 

P6Q/INTy +> 
P6,/TA4in +> [8] 

P6o/TA4guz/RTP15 +> [9] 
P57/TA3iny +> [10] 
P§g/TA8qy7/RTP1> +> [11] 
P5c/TAQin/RTPI, +> 
P§4/TA2gyr/RTP1y +> 
P55/TAI y/RTPO, +> [14] 
P5o/TA1 ur/RTP0> +> [15] 
P5,/TAQin/RTPO, +> [16] 
PSo/TA0ur/RTP0p a, 
P4,/DBC* ++ [18] 
P4/VPA* ++ [19] 
P4./VDA* +> 
P4,/QCL* ++ 
P4a/MX* ++ 

Paaigy 

P4,/RDY +> 


djxxxasa0lZZew 


OC) 


Si 
~~ 


RESET — [8] 


E -[¢ 
S| 


Xin — [8] 


BYTE — [8] 
Xour + t8! 


P4)9/HOLD + [BR] 

CNVss 

Vss 
P33/HLDA + [& 
P32/ALE + [&| 
P3,/BHE + [8] 
P39/R/W + [8] 
P27/Ao3/D7 <> iS 
P26/Az22/De +> [8] 
P25/Az1/Ds ++ [8] 
P24/Az29/D, + [8] 


Outline 80P6N-A 


*: Used in the evaluation chip mode only 





APPLICATION 
Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 





(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) -:::--sre ee 68 computers 

Control devices for industrial equipment such as com- 

munication and measuring instruments 

NOTE 

(1) Do not use the M37710E8BFS for mass production be- 
cause it is a tool for program development (for 
evaluation). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 
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Clock input Clock output Enable output Reset input aa we (OV) Ae (5V) a input selection input 
Xin Xourt > E RESET F . CN Vs. ss AVoc BYTE 
——4- 





Instruction Register (8) 
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91607 snawyyuy 





(Q1)S 49}UIOd HOEIS 


= 
2) 
= 
@ 
3 
oO 
= 
~— 
4.) 
baa 
“-_ 
KO 
bh 
~~ 





(9|)¥ soye|NWINDOY 
(91)@ 40yeNWINDOY 
(91)x s03s1Bay xapu| 
(OL)A 40}sIBay xepul 
(91) a1 sa1s|Bey sayng ynduy 
(8)LG Ja\siBay yueg eyeg 
(8) "aq 4e1)Ng eeQ 
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2 (8)2D seyng enenH uoRonsysu) 
SM (8)'O seyNg enenH uoHON.ysu] 
7 (8)0D sayNng enanyH uoNnonysu; 


Timer TA3(16) Watchdog Timer 


= |e 
60K Bytes 2048 Bytes 
mine STARR Latit STE i 


rcs ll Ea: tt a ee 2 2 By epee 


sng ssouppy 
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FUNCTIONS OF M37710E8BXXXFP 


Number of basic instructions 








Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
60K bytes eae 
2048 bytes 
PO~P2, P4~P8 8 -bitX 8 


Input/Output ports 
saugenes 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 


Multi-function timers 
TBO, TB1, TB2 16-bitx 3 
Serial 1/O (UART or clock synchronous serial 1/O) X2 


A-D converter 10-bitX 1 (8 channels) 
D-A converter 8 -bitx 2 











Memory size 


























Watchdog timer 12-bitX 1 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 





Interrupts 











Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voitage 5 VE10% 
Power dissipation ; 95mW(at external clock 25MHz frequency) 




















nput/Output voltage 


| 
Input/Output characteristic 
Output current 5mA 




















Memory expansion Maximum 16M bytes 








Operating temperature range 





Device structure CMOS high-performance silicon gate process 
M37710E8BXXXFP 80-pin plastic molded QFP 
M37710E8BFS 80-pin ceramic LCC (with a window) 











Package 
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PIN DESCRIPTION 


Power supply = Supply 5 V+10% to Vcc and 0V to Vsgs. 


CNVss CNVss input 


Xin Clock input 


Xour Clock output Outpt 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 


types. 


sx 
® Oo 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 










These are 1/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour- When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xoyr pin should be left open. 


Enable output Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


BYTE 


Bus width selection input 





Power supply for the A-D converter. AVss is also used for D-A converter. Connect AVcc to Vcc and AVsgs to 
Vss externally. 


Analog supply input 


> > 2] 
a mn 
g 2 a 

— 











Vrer Reference voltage input Input This is reference voltage input pin for the A-D converter and the D-A converter. 


P0)>~P0, —_‘| 1/0 port PO 1/0 


Pi9~P17 1/O port P1 
P29~P27 1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Az3~ Ai¢)is 
output when E output is “H”. 
1/O 











In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Apo)is output in memory expansion mode or microprocessor mode. 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D,s~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H’”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





P39~P33 1/O port P3 


P4>~P4, ‘| 1/0 port P4 


PSo~ P57 1/0 port PS 


P69~ P67 1/O port P6 /O 
P79~P77 1/O port P7 1/0 
P8~P87 I/O port P8 1/0 











In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xiy pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2 and timer A3. P59~P5, also function as output pins for pulse motor 
drive waveform. 









In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer A4, external interrupt input INTo, INT, and INT» pins, and input pins for timer BO, timer B1 and 
timer B2. P6p also functions as an output pin for pulse motor drive waveform. 







In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANg~ANz input pins. P77 also has an A-D conversion trigger input function. 







In addition to having the same functions as port PO in single-chip mode, these pins also function as R,D, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 
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PIN DESCRIPTION (EPROM MODE 


Power supply Supply 5 V+10% to Vcc and 0 V to Vgs. 
Vpp input Input Connect to Vpp when programming or verifing. 


Vpp input 






Functions 


















Connect to Vpp when programming or verifing. 















Reset input 


Reference voltage input Input Connect to Vss. 

Address input (Ag~A7) Input Port PO functions as the lower 8 bits address input (Ap~A7). 

Address input (Ag~Ajs5) Input Port P1 functions as the higher 8 bits address input (Ag~Ajs5). 

Data I/O (Do~D7) 


1/0 
P5o~P5;7 Control signal input P59, P5, and P52 function as PGM, OE and CE input pins respectively. 
Connect P53, P54, P5s and P5g to Vcc. Connect P57 to Vss. - 


Connect to Vss. 







Connect a ceramic resonator between Xiy and Xour. 




















Port P2 functions as the 8 bits data bus (Dp~D7). 










P7o~P77 Input port P7 Connect to Vgs. 
P89~ P87 Input port P8 





Connect to Vgs. 
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BASIC FUNCTION BLOCKS 

The M37710E8BXXXFP has the same functions as the 
M37710M4BXXXFP except for the following: 

(1) The built-in ROM is PROM. 

(2) The ROM size is 60K bytes 

(3) The RAM size is 2048 bytes 

Therefore, refer to the section on the M37710M4BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


000000;¢ 000000). 
00007Fi¢ 


000080 
16 Peripheral devices 


Internal RAM control registers 


2048 bytes 
OOFFFFi¢ mI 
01000016 00007F,. 


00087Fi¢ 


001000,, 


O1FFFF i 


Interrupt vector table 


UARTO receive 
Internal PROM 
FE00001¢ | Timer A4 


Timer A2 
Bank FEi6 ; Timer Al 
FEFFFF ig wy: 


FFO000;. INTo 
Watchdog timer 
OOFFD616 


\ BRK instruction 


Bank FFi, 


\ Zero divide 
FFFFFFi¢ OOFFFFi¢ RESET 





Fig. 1 Memory map 
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EPROM MODE 
The M37710E8BXXXFP features an EPROM mode in addi- 


tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 2 
shows the pin connections in the EPROM mode. 

The EPROM mode is the 1M mode for the EPROM that is 
equivalent to the M5M27C101K. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 


«+P7>/AN> 
«+ P73/AN3 
a P74/AN4 
<> P75/ANs 
++ P7.6/ANg5 
«+ P77/AN7/ADtre 


|B lee P71/AN, 


3] 
wo 

| 
Sl 
El 
~ 

=| 


P7o/ANy ++ LL 


P6;/TBOw [4] 


P6,/TA4in 8 | 
P6o/TA4our1/RTP13 + LY 
P57/TA3in +> [10 
P5¢/TA3oyr/RTP1> + Le 

<= P5s5/TA2in/RTP1, ** 
ez P5,4/TA2oyt/RTP 1 ** 


P53/TA1in/RTPO3 + 
CCE P5./TA1 oyt/RTPO. + [5 
CE>—P5,/TA0y/RTPO, + Lis 
€6M- P59/TAQgyut/RTPO, + 


P4,/RDY + [24] 


el 


P49/HOLD <+ 


Outline 


Fig. 2 Pin connection in EPROM mode 





the M5M27C101K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 11000,5~1F FFF 46. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xiy pin and Xoyrt pin. 


+> P8;/CLKo 


13] <> P89/CTSo/RTSo/DAg 
|B] <> P82/RxDo 
LR] +> P83/TxDo 


Si 


64] «> P8,/CTS,/RTS,/DA, 


djaxXxXxae8s0lZZEw 


44) ai P2o/A16/Dp ——00) 
[43] «> P2,/A,7/D; ————op 
a P22/A1,g/Dg————o) 
41] > P23/A19/D3——_o) 


[3 


(5)>———— P25/Aa1/Ds - 
(4)>—— P2.4/Aao/Da + [8 


P32/ALE «+ 
P3,/BHE <> 


P33/HLDA «+> 


* : Connect to ceramic oscillation circuit. 


80P6N-A |) : It is used in the EPROM mode. 
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Table 1 Pin function in EPROM mode 


| | M87710E8BxxxFP | MSM27C101K | 
ae a Ee ee ee - ee 
RE ee ee ee ee 
| Pam | PH] GM 
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FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 


Reading ae 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Aj~Aj;5) to be read, and the 
data will be output to the I/O pins Dp) ~D;7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ayg~Aj;s, and the data to 
be written is input to pins Do~D 7. Set the PGM pin to a “L” 
level to being writing. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15 W-s/cm?. 


Writing operation 

To program the M37710E8BXXXFP, first set Vec=6V, Vpp= 
12.5V, and set the address to 11000;,. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (X) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2X X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Vec=Vpp=5V(or Voc=Vpp=5.5V). 


Table 2. 1/O oo in each mode 


OE | Fem Veep | Voc 
Read-out Vit Vin Xx 5V 5V 
Output Vie Vin X 5V 5V 
Disable Vin X X 5V 5V 


Programming Vin 12. 5V| 12. 5V| 6V 
P mmin 
eee 2 Vin 12. 5V 6V Output 
Verify 
Program Disable] Vin | Vin | Vin {12.5V] 6V 


An X indicates either Vy. or Vin. 







Data I/O 













Output 


Floating 


Floating 



















Input 


















ed 





Note 1: 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25£5C, Vec=6V0. 25V, Vpp=12. 540. 3V, unless otherwise noted) 


Symbol Parameter Test conditions ; 


Address setup time 

OE setup time 

Data setup time 

Address hold time 

Data hold time 

a Output enable to output float delay 








tvcs Voc steal time 


tow PGM pulse width 
PGM over program pulse width 


tose setup time 
| toe _—'{ Data valid from OE 





Unit 


ie¥) 
































on” oO; AHN |H|H 


=) 
ek 
NO | oO NORM) OLRM] OLRM] RTD 
= 
Nh 


= he ens = 
oO N/ Ph Ww 
ro) ci} rs) 
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AC waveforms 


Vin 
ADDRESS 
Vit 
Vin/Vou 
DATA , 
Vit/Vor 
Vep 
Vpp 
Voec 
Vect1 
Vec 
Voc 
_ Vin 
CE 
Vie 
Vin 
PGM 
j Vit 
Vin 
OE 
Vie 


Programming algorithm flow chart 


So ——oSaaeS 


——ae 


DATA omg == DATA OUTPUT ——. coors 


: tet 
Test conditions for A.C. characteristics 
Input voltage : V,,=0.45V, V,\,=2.4V 


Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 


START “ L”=0.8V, “H’=2V 
ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp=1 2.5V 







0 


PROGRAM ONE PULSE OF 0.2ms 
X=X+1 


FAIL | DEVICE 
FAILED 
PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 
LAST ADDR ? 
YES 


Voc™=Vpp= *5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED 4.5 V<Voc=Vpp<5.5V 


INCREMENT ADDR 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and may 
affect badly the erasure capability (ceramic package 
product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 
(5) The programmable M37710E8BFP that is shipped in 
blank is also provided. For the M37710E8BFP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 

to the flow below before use is recommended. 


Writing with PROM writer 


Screening 






(Caution) 


(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


igre ee eee Prey pee ee ee See gh ig ™ 

: Function check in target device | 

A as a te ee ae te ee tae al 
Caution : Never expose to 150 ‘C exceeding 100 hours. 


ADDRESSING MODES 

The M37710E8BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37710E8BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37710E8BXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Analog supply voltage. 
V Input voltage RESET, CNVss, BYTE —0. 3~12(Note 1) 
Vi 
Vo 
1 r 

















Output voltage POg~P07, Pio~P17, P29~P27, P39~P3s, 

P49~P47, P5p~P57, P6g~P67, P7o~P77, —0.3~Vec +0. 3 | 
P89~ P87, Xour, E 

Storage temperature 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 


Input voltage POg~P07, P1p~P17, P29~P27, P3p~P33, 
P49~P47, P5p~P57, P6p~P67, P7>~P77, —0.3~Voco+0. 3 V 
P89~ P87, Vrer, Xin 

















RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°, unless otherwise noted) 


Sa, Boies ae 
ymbo arameter ni 
Typ. | Max_| 


Analog supply voltage 


| Vss___| Supply voltage 
Analog supply voltage 


pe High-level input voltage P0)~P07, P39~P33, P4p~P4z, 


Voc 

Vss 

Vin P5o~P57, P6p~P67, P79~P77, 
Vin 

Vin 

Vie 

Vi L 

Vi L 























P8~P8,, Xin; RESET, CNVss, 
BYTE 


High-level input voltage P19~P17, P29~P27 
(in single-chip mode) 


0. 8Vcc 


| 0 
a 


High-level input voltage P1lp~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 





Low-level input voltage POg~P07, P89~P33, P49~P4,, 
P59~P57, P69~ P67, P7o~P77, 
P89~P87, Xin, RESET, CNVss, 
BYTE 
Low-level input voltage P1g~P17, P29~P27 
(in single-chip mode) 
Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 
High-level peak output current P0g~P07, Plo~P17, P29~P2z, 
P39~P33, P49 ~P47, P5p~P5z, 
P69~P67, P79~P77, P89~P87 
High-level average output current POg~P07, Pig~P17, P29~P27, 
P39~P33, P4p~P47, P5p~P5z, 
P69~P67, P79~P77, P89~P87 
Low-level peak output current PQg~ P07, Plo~P17, P29~P27, 
P39~P33, P49~P47, P5p~P5z, 
P69~ P67, P7p~P77, P897~P87 
Low-level average output current POQg~P07, Plo~P17, P29~P27, 
P39~P33, P49~P47, P59~P5z, 
P69~P67, P7o~P77, P89~P87 









oO 
e > 
O ol 
QO 


lon(peak) 
lon(avg) 


lou(peak) 


lo.cavg) 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 




























MHz 






External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 





Typ. | Max | 


High-level output voltage PO9~P07, P19~P17, P29o~P27, 
P39, P3;, P33, P4o~P4z, 





P50~ P57, P69~ P67, P7o~ P77, 
P89~ P87 


High-level output voltage POQ9~P07, P1gp~P17, P29~P27, 
g p g o 7, Plo 7, Po 7 low= —400 2A 4.7 
P89, P31, P33 

cn 0m ee a 

High-level output voltage P32 
lon=—10mA 3.4 

High-level output voltage E oe 3.4 | 
lon= — 400A 











Low-level output voltage PO 9~P07, Plo ~P17, P29~P27, 
P3o, P3;, P33, P49~ P4,, 

lo.=1 OmA 

P5o~ P5,, P69~ P67, P79~ P77, 


P8)~ P87 





P39, P31, P33 








lorp=10mA 
Low-level output voltage P3. 
lop =2mA 


a 
Low-level output voltage PO0g~P07, Plo~P17, P29~P2z, lop =2mA - 
ue! 
aa 
fee 
a 


Low-level output voltage E 
io=2mA ae 
Vei—-V Hysteresis HOLD, RDY, TAOin~ TA4in, TBO w~TB2in, 
tag at INTo~INT2, ADrre, CTSo, CTS;, CLK, CLK; 








Hysteresis Xjy 


High-level input current POg~PO07, P19~P17, P2o~P2z, 
P39~ P33, P4o~ P4,, P5o~ P57, 


Low-level input current POg~PO7, P19~P17, P29~P2z, 
P39~ P33, P4o~ P4,, P5o~ P5,, 
P69~ P6,, Plo~ P77, P89~ P87, 








Xin, RESET, CNVss, BYTE 


RAM hold voltage When clock is stopped. 2 


P6y~P67, P7>~P77, P8o~P8;, — 
Xiu, RESET, CNVgs, BYTE 
7 a 


(Xin) = 25MHz, 
In single-chip mode | square waveform 
output only pin is = 
Power supply current p yp Ta=25 when clock 
open and other pins | is stopped. 
are Vss during reset. | T,=85'C when clock im 


is stopped. 
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A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, eee Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 


Seo SARGEANT SEN 
[= Tnseoute accuracy —SSSSS~id ren 
toony | Conversintime —=~=“*“~*~*“‘“*S*S*S*dCSCSC“‘ SSCS 

"Vase | Reterencewotage—=S=~=“‘“‘*CS*dSSC“‘é(™NNN”SS”S 
Vig [analog input votaps | 

























Symbol Parameter Test conditions 


in. 
22 
a a 
Cteu[settme SSCS 
Ro | Outputresitance ——=SC~=“‘“‘*S*~‘dSSC“‘CéCNSNNNCN 
(Nae D omnes 


Note 1. One D-A converter is used, and the value of D-A register for unused D-A converter is “00,,” 
Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25, f(Xiy)=25MHz, unless otherwise noted) 
External clock input 


Parameter 





External clock input cycle time 





External clock input high-level pulse width 


External clock input low-level pulse width 
ip a External clock rise time 


External clock fall time 














Single-chip mode 


tsu(pop—E) Port PO input setup time 
tsu(p1D—e) Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 


| Min. | 
60 
60 
a 60 
tsu(p4p—e) Port P4 input setup time | 60 | 
eo es SF 
Port P6 input setup time 60 
Port P8 input setup time | 60 | 
ee ee ere 
=a 
Po 
=o 
ee 
es 
eae 
a One 
ae a 







Unit 






































Port P7 input hold time 
Port P8 input hold time 
Memory expansion mode and microprocessor mode 


Symbol Parameter . Min 


| Max. 
Port P1 input setup time 30th 
Port P2 input setup time Teese ox 
RDY input setup time a 
HOLD input setup time ss |, 









































Port P1 input hold time 
Port P2 input hold time 


RDY input hold time 
HOLD input hold time 
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Timer A input (Count input in event counter mode) 


ra] 

Poca | Taintentoysotme 
i i a 
ne 









TAin input high-level pulse width 
TAi input low-level pulse width 







Timer A input (Gating input in timer mode) 


Limits 
to TAiy input high-level pulse width | 160 | | ons | 
TAiin input low-level pulse width io | | ns 









Timer A input (External trigger input in one-shot pulse mode) 


Limits 
tc(Ta) TAiiy input cycle time 160 
tw (TAH) TAijy input high-level pulse width 80 









TAiy input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


TAin input high-level pulse width | so | | 
TAiiy input low-level pulse width [8s | | 





Timer A input (Up-down input in event counter mode) 


Symbol Parameter 
tec up) TAigur input cycle time 
tw(uPH) TAiout input high-level pulse width 





TAiout input low-level pulse width 
TAiout input setup time 
th(ty-uP) TAiout input hold time 
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Timer B input (Count input in event counter mode) 


ympdo arameter 


TBi\, input cycle time (one edge count) | 
TBiy input high-level pulse width (one edge count) i —- 3) 
TBiy input low-level pulse width (one edge count) ae ae 

















> 
CS 








o;1o 


( 

TBijy input cycle time (both edges count) 
TBijy input high-level pulse width (both edges count) | 80 | 
TBijy input low-level pulse width (both edges count) | 80 | 





Timer B input (Pulse period measurement mode) 


oO 








Timer B input (Pulse width measurement mode) 


TBi\y input cycle time 
TBiy input high-level pulse width | 160 | 
TBiy input low-level pulse width | 160 | 

















A-D trigger input 


Symbol Parameter Unit 


ADtrg input cycle time (minimum allowable trigger) 1000 a, 
ADrac input low-level pulse width | 12 | | 





Serial I/O 


Symbol Parameter 


CLK; input cycle time 

CLK; input high-level pulse width 
CLKj input low-level pulse width 
TxDj hold time 


thic—p) RxDj input hold time 








External interrupt INTj input 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
Single-chip mode 


td(e—poa) Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time 





rae 

7 | ns] 

: Tn 

a 
ns} 

| ree 

7 a 

—s 

ae 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 





















Unit 


nh 


2 






2 
5 


) 


Port P2 address output delay time 
HLDA output delay time 









ALE output delay time 
ALE pulse width 


N 


8 


2 
5 
4 
0 


2 


i = 45 
5 | ns | 
ime 45 | ns | 
50 
BHE output delay time 
R/W output delay time 
¢1 output delay time 18 
Port PO address hold time 
th(aLe—pia) | Port P1 address hold time (BYTE=“L”) 
th(e—p1a) Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H”) 


Port P2 address hold time 


2 
0 
5 
5 
-) 


NO 


NO 


5 


25 
5 
0 


5 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 
Symbol 











Limits 


Port PO address output delay time ns 
td(e—P1Q) Port P1 data output delay time (BYTE=“L”) Ae | 
tpxz(E—p1z) | Port P1 floating start delay time (BYTE=“L”) 5 

) 











td(e—p2aQ) Port P2 data output delay time 


Port P1 address output delay time 12 
Port P1 address output delay time 5 


tpxz(e—pe2z) | Port P2 floating start delay time 
td( p2a—e) Port P2 address output delay time 





Port P2 address output delay time 
Cl 


a 
fa wR 
a 
aCe eee 
Port P1 data hold time (BYTE=“L”) ss ae 
Port P1 floating release delay time (BYTE=“L”) | 23 | 
Port P1 address hold time (BYTE=“H’) a ie 
| = 
Ee 

, gece 

ae 

ee 

eed 


aa 
ALE | ae 
Pe 


| 18 
E pulse width 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


Limits 





Unit 














E) 
) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
E pulse width 


NTN IT NM E MTR] NM] RTD oOi- NW] O ~} OO i<e) 
O71; O11); ©} O1/ OF! 1} OO] oO yoo O;}N ©O}P RO 
=a ol > & 








Fig. 3 Testing circuit for ports PO~P8, > , 
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TIMING DIAGRAM tr tf t 
Single-chip mode c twin) twiv) 
f(Xin) 
E 
ay td(e—pog) 
Port PO output |X 
tsu(pop—e) = 
Port PO input es thie—pop) 
nag tdie—P1Q) 
Port P1 output |X 
tsu(P10—e) 
1 
Port P1 input nay thie—pip) 
Bay tdie-p2q) 
Port P2 output x 
tsu(p20-e) 
| nd 
Port P2 input ee thie—p20) 
nay td(e—p3q) 
Port P3 output |X 
tsu(p3p—e) 
a 
Port P3 input ke thie—p30) 
— | td(e—Ppaq) 
Port P4 output B. 
tsu(Pao—e) — 
Port P4 input ee th(e—pap) 
aay td(e—psa) 
Port PS output > 
tsu(psp—e) — 
Port P5 input - th(e—psp) 
ning td(e—Pea) 
Port P6 output |X 
tsu(P60—e) 
Port P6 input | th(e—pep) 
na td(e—p7aQ) 
Port P7 output B: 
tsu(p7D—e) pleas 
Port P7 input : ie, 
th(e—p7p) 
nag td(e—psa) 
Port P8 output NX 
| tsu(ps0—e) pace 
Port P8& input A th(e—psp) 
MITSUBISHI 3—53 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37710E8BXXXFP 
M37710E8BFS 


PROM VERSION of M37710M8BXXXFP 





te(ta) 





TAiy input 


tw(uPH) 


TAiour input 


TAiour input 
(Up-down input) ( 


in Event counter mode 


TAi input 


(When count by falling) 
ee 
(When count by rising) 


toi re) 


ei oe 


TBiy input | 


ADrac input 





tock) 


pak 


CLK; 
tsu(o—c) thic—p) 
Da RA ASPEN 
RxD; 
twanw) 
INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


4 


mi 
~ 


RDY input 


tsu(Rpy—4,)| th ¢1—Rby) 


(When wait bit = “0”) 


$y 


| aieiententeatentenienteetententecntedtentetatetatattentatetenten 


/ 


mi 


RDY input 


(When wait bit = “1” or “0” in common) 


gy 


th(¢,;—HOLD) 


tsu( HoLD—4,) 


HOLD input 







td(¢;—HLDA) td(¢,—HLDA) 


HLDA output 


Test conditions 

* Voc = 5V10% 

* Input timing voltage ° V,, = 1. 0V, Viy = 4. OV 

* Output timing voltage * Vo. = 0. 8V, Von = 2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


tf tr tc 
twiv) twin) 


tdte— 64) d(e—¢,) 


Address & 


toxz(e—p1z) tozx(e-P1z) 


mi 2: 


Port PO output 
( Ao~A7) 


i 


Address 
thi ace—P1A) ie 


Pt a Css [X 
(Ag~A15/Dg~Dyj5) A 


(BYTE="L”") . td(p1a—aLe) td(e-P1Q) 


Address _ Address 


td(p1a—e) 





th(e—p1a) 


(Ag~Ais5) 
(BYTE="H") 
Port P1 input 


~ tpxz(e—p2z) tozx(e—p2z) 
(Aye~A23/Do~D7) tsu(p20-£) 
. td(p2a—ALe) | td(e—p2a) -——| thie—P2p) 


Port P2 input 
tw(ace) 
tdiaLe—e) 

Port P3. output 
(ALE) 

tdi BHE-e) thc 

a E- BHE 

Port P3; output a ae |) are 
(BHE) 

tdirsw—e) thie—r/w) 


i 
fil 





in 


ar 


thie—piD) 


Zi LY 


i 


Port P3, output 
(R/W) 


Test conditions 

* Voc=5V+10% | 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Vin=2. V 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


Port PO output 
(Ap~ Az) 


Port P1 output 


(BYTE="L") 


Port P1 output 
( Ag~ Ais) 
(BYTE="H”") 


Port P1 input 


Port P2 output 


Port P2 input. 


Port P3. output 
(ALE) 


Port P3, output 
(BHE) 


Port P39 output 
(R/W) 


thcace—P1a) ro], tenes = aacaie tpzx (€—P1z) 


tc 


i 


l 


tdie—¢,) es 
E~ + 


Ss 
an. 


a 
| 


PG 
— 


Address 


es 





tdipra—e) 


nS 


} aa _ 


z t | 
thi ace—p2a) Ei 2 na i PZx(€~P22) 


x) Address 


peaere Pa eee 
tdip2a—e) eee thie—p20) 


td(p2a—ALe) 


tWiaLe) 
ry tdiace—e) 





Address 






td(sHE—-e) 
Pe thie— BHE) 
tdiryw-e) ; 

h(e— Rw) 


Test conditions 

* Voc=5V+10% 

* Output timing voltage : Vo, =0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


- 


Cc 


(Xin) | | ri 


, 
d 
tde—9,) td(e—9;) 
=< 


ml 


td(poa—e) 














(Ay ae a a 
(Ap~Az) Address | Address & 

th(ace—P1a) ia — toxz(e—P1z) tozx (e—P1z) 
paleo . aD ee 
(Ag~Ais/Dg~Di5) facaee] TY SS. Address eB Address 
(BYTE=“L”) td(e—P1a) 

td(P1a—ALe) tdiemae 

the-pra) F7] pane 
Port P1 output 
(Ag~Ars) |_| Address | WK Address =| 
(BYTE="H’) 
aoe th(e—p1D) 
Port P1 input 
thi aLe—p2a) tpxz (e—p2z) tozx (e—p2z) 







(AeAae/Do~Dy) a as @m Sa AHSSS Address 


. ae P2Q) thie—pa2p) 
td(p2a—ALe) na 
Port P2 input 
as td(aLe—e) 
Port P32 output 
(ALE) 


ro E) 


oe E) <> th 
(E—BHE) 
ae a as Co rr——S 
(BHE) 7} 
td(r/w—E) a 
E—R/W 


Port F P39 output 
(R/W) 


Test conditions 

* Voc=5V410% 

* Output timing voltage : Vo,=0. 8V, Voy=2. OV 
* Ports P1, P2 input > Vit=0. 8V, Vin=2. 5V 








DESCRIPTION 

The M37710E8LXXXHP is a single-chip 16-bit microcompu- 
ter designed with high-performance CMOS silicon gate 
technology. This is housed in a small 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M37710M8LXXXHP except that this chip has a 60K-byte 
PROM built in. 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para- 
llel processor that can also be switched to perform 8-bit 
parallel processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. . 


FEATURES 
e@ Number of basic instructions eee er ee ee ee 103 
@ Memory size PROM(one time) --:--:+-00+ 60K bytes 
RAM Per ere er ee eee or rT 2048 bytes 
@® Instruction execution time 
The fastest instruction at 8MHz frequency -::::--:--- 500ns 
@ Single low supply voltage-::*::---71tesrrrreerere 2.7~5.5V 


@ Low power dissipation 
(At 3V supply voltage, 8MHz frequency) --- 12mW (Typ.) 
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 


@ Wide operating temperature range:::::::::-:--: —40~85°C 
@ Interrupts scorer rece tee crete tee ee tee cette ees 19 types 7 levels 
@ Multiple function 16-bit timer -s-:e ree 5+3 

(Pulse motor drive waveform can be output) 
@ UART (may also be synchronous) ee eee or ee 2 
@ 10-bit A-D converter-:::-:: rrr rere 8-channel inputs 
@ 8-bit D-A converter 7: rrr 2-channel outputs 
@ 12-bit watchdog timer 
® Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) ----r 68 
@ Small package 

epceanapsoyessess 80-pin fine-pitch QFP (0.5mm lead pitch) 

APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, portable equipment, and measuring instru- 
ments 
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PIN CONFIGURATION (TOP VIEW) 


Rj P84/CTS1/RTS;/DA, 


[3}+> P67/TB2n 

** P7/ANog 

+ P7,/AN; 

+> P72/AN2 

+ P73/AN3 

+> P74/ANg 

+ P75/ANs 

=> P76/ANg 

bo’ P77/AN7/AD TRG 
[2]<>+ P8s/CLK, 


Ei 


60} +> P8_/RxD, 
P65/TBO,, + [2 sa] ++ P8,/T,D, 
P6,4/INT2 + 


P63/INT, +> [4] 


O 


56 | > PO2/A2 
55] +* PO3/Ag 
P60/TA4our/RTP13 +> 54] +> PQ4/Aq4 
P5¢6/TA3our/RTP12 +3] 
P5<5/TA2iy/RTP1, + LO) 
P54/TA2our/RTP 19 + LY 
P53/TA1in/RTPO3 + [12] 
P5./TA1 out/RTPOQ2 + 113] 
P5,/TAOiy/RTPO, > [14] 
P5o9/TAQout/RTPO, + (15) 
P4,/DBC* ++ [ig 
P4./VPA* «> 
P4;/VDA* «+ [13] 


51] +> PO7/Az 
150) +* P19/Ag/Dg 
49} ++ P1,/Ag/Dg 


= 
7) 
~] 
=~] 
onl, 
=) 
mi 
. 
x 
x< 
< 
0 


45] <> P15/A13/D43 


. P2o/A16/Do 
41] <> P2,/A17/D, 


fa 
[S 
[3 


P3,/BHE + [3] 

P39/R/W <> [2] 
P27/A23/D7 «+ 
P26/A22/Dg «+ [8] 
P24/A20/D4 + [8] 
P23/A19/D3 <> 
P22/A48/Do2 «+ [8] 


P25/Aa1/Ds <> 


Outline 80P6D-A 


* : Used in the evaluation chip mode only 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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FUNCTIONS OF M37710E8LXXXHP 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 















PROM 60K bytes 
Memory size 
PO~P2, P4~P8 8 -bitX 8 
Input/Output ports 
TAO, TA1, TA2, TA3, TA4 16-bit X 5 
TBO, TB1, TB2 16-bitX 3 
Serial 1/O (UART or clock synchronous serial 1/0) X2 


Watchdog timer 12-bitX 1 . 
3 external types, 16 internal types 
Interrupts ; eich 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 2.7~5. 5V 
eteer 12mW (At 3V supply voltage, external clock 8MHz frequency) 
Power dissipation 


30mW (At 5V supply voltage, external clock 8MHz frequency) 


Input/Output characteristic 
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PIN DESCRIPTION 


Power supply 
ss 
ee leak 
Reset input La To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


Supply 2.7 to 5. 5V to Voc and 0 V to Ves. 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 


QO << 
7) 
7) 





These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xj and Xoutr. When an external clock is used, the clock source should be connected to the Xjn pin 
and the Xour pin should be left open. . 


Xin Clock input 
Xout Clock output 
Enable output 





Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 












BYTE 


Bus width selection input 





Analog supply input Power supply for the A-D converter. AVss is also used for D-A converter. Connect AVcc to Vcc and AVsg to 


Vss externally. 


VREF Reference voltage input Input This is reference voltage input pin for the A-D converter and the D-A converter. 
POQ9~ P07 1/O port PO In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
, pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 

Pio~Pt7 1/O port P41 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 

(Dis~Dg)is input or output when E output is “L” and an address (A;5~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 


P2~P2, | 1/0 port P2 hal 
Pa~P3, | 1/0 port PS i 


1/0 
1/0 
I/O 
P4p~P4, 1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xj, pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. . 
P5y~P5 | 1/0 port PS 


P69~P67 I/O port P6 
P7y~P7; | VO port P7 











In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7;~Dg) is input or output when E output is “L” and an address(Az3~ Aig) is 
output when E output is “H”. 


x 


> > pe] 
zs mn 
a § mn 

4 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer AO, timer A1, timer A2 and timer A3. P5g~P5g also function as output pins for pulse motor 
drive waveform. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer A4, external interrupt input INTo, INT; and INT» pins, and input pins for timer BO, timer B1 and 
timer B2. P69 also functions as an output pin for pulse motor drive waveform. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANg~ANz7 input pins. P77 also has an A-D conversion trigger input function. 





P89~P87 1/O port P8 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 








Ow 
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PIN DESCRIPTION (EPROM MODE) 


a 
fee [econ | emwsitiwnmmeree 
ES 
fom |iwms | [eomanienmenremrone 
fe fomaeen | 
EN 
sci [mimes | 
pe em 
Port P1 functions as the higher 8 bits address input (Ag~Aj5). 


P59~P57 Control signal input co 
















Connect to Vss. 

















Connect a ceramic resonator between Xiy and Xour. 


Connect AVcc tO Vcc and AVsgg to Vss. 

















Connect to Vss. 


Port P2 functions as the 8 bits data bus (Do~Dv). 




















Connect to Vgs. 


Connect to Vss. 


P59, P5, and P52 functions as PGM, OE and CE input pin respectively. 
Connect P53, P54, P55 and P5¢ to Vcc. Connect P57 to Vss. 


Connect to Vgs. 
Connect to Vss. 
Connect to Vss. 





P69~ P67 Input port P6 
P7p>~P77 ~- | Input port P7 
P89~P87 Input port P8 
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BASIC FUNCTION BLOCKS | 
The M37710E8LXXXHP has the same functions as the 
M37710M4BXXXFP except for the following: 
(1) The built-in ROM is PROM. 
(2) The ROM size is 60K bytes. 
(3) The RAM size is 2048 bytes. 
(4) The reset circuit is different. 
(5) The package is different. 
Therefore, refer to the section on the M37710M4BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


000000). 00000016 
00007 Fig 


00008016 Peripheral devices 


Bank 0 
16 Internal RAM control registers 
2048 bytes 


OOFFFF\¢ | se 
010000;¢ 00007F;,, 


00087F,., 
Bank 146 001000,. 


O1F FFF 


Interrupt vector table 


UART1 transmission 
UART1 receive 
UARTO transmission 
UARTO receive 
Timer B2 
internal PROM 
eee 
FE0000:s 


FEFFFF\¢ 
FF0000;¢ 


| Watchdog timer | timer 
. 
OOFFD Gig. BRK instruction 


FFFFFF\¢ OOFFFFi¢ oe RESET 





Fig. 1 Memory map 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2. 7 M37710E8LXXXHP 
to 5.5V. Program execution starts at the address formed by 
setting the address pins Ao3~ Arg to 0016, Ais ~~ Ag to the 
contents of address FFFF1g, and A7~ Ag to the contents of 
address FFFE4.. 

Figure 2 shows the status of the internal registers when a 
reset occurs. 

Figure 3 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. Fig.3 Example of a reset circuit (perform careful 





evaluation at the system design level before using) 


Address Address 








Port PO data direction register (0446) °°: 0046 Processor mode register 0 (5Ey,6)°°- | 0046 


Processor mode register 1 (5Fi6)°° DODO 0 


Port P2 data direction register (0816)°*° 00;. Watchdog timer (6016) °°" i FFF. 


DX of e/ 0 














i 


Port P1 data direction register (0546)°"° 00:6 











| 














x 
ES 
Lo | 


Port P3 data direction register — (0946)--- Watchdog timer frequency selection flag (6146) -°- 








Port P4 data direction register (0C;6)-": Waveform output mode register (621.¢)-°: 0016 








Port P5 data direction register  (ODj.6)-"" 00,5 Reserved area (Do not write to this address) (6646)--- 00:6 


A-D conversion interrupt control register (7016) °" xD 0] 0;0/0 


Port P7 data direction register (Wy6)°°° 00, UART 0 transmission interrupt control register (71i6)°° 0 010/0 














Port P6 data direction register (1046): 











Port P8 data direction register (1446)°* 00:6 UART 0 receive interrupt control register (7216): DM XXX 0; 0 FO! 0 
A-D control register 0 (1Ei6)°* |}0!10/010 0 2 ? UART 1 transmission interrupt control register (7346) "°° XXX ol 0] 0/0 


A-D control register 1 (1Fig)- lo )X 0 ojo] 1] 1 UART 1 receive interrupt control register (7446) XXX ya 0 0, 0 


UART 0 Transmit/Receive mode register (3016)°°° 00: Timer AO interrupt control register (75i6)°° 


0/0 
UART 1 Transmit/Receive mode register (3846)-"- Timer A1 interrupt control register (76146)°°° XXX) 0| 0| 
UART 0 Transmit/Receive control registerO — (3446)-"- XIX)X} 0} 1] 0] of o| Timer A2 interrupt control register Gnas DXDXIX] 
UART 1 Transmit/Receive control registerO (3C46)-:- MX)X] 0] 1/0 


UART 0 Transmit/Receive control register1  (3546)°° ‘o[0/0| 
0/0 


UART 1 Transmit/Receive control register1 (3Dy6)-°° 

















Tent 








—_ 








= 
oO 


Dy 


x] 
Je 
g 

> 


Timer A3 interrupt control register (7816)°"° 








Timer A4 interrupt contro! register (7916)°° 0 


0|0 
Timer BO interrupt control register (7Ai6)" XXX 0] of 0| 0 
Count start flag (4016)°"° Timer B1 interrupt control register (7Big):*- XDXIX| 0| 0 0] 
One-shot start flag (4216)"-- |) MIX} 0] 0] of 0 Timer B2 interrupt control register. (7C 46)" IX)X| 0] 0] 0| 0 
Up-down flag (4446)-° 0016 INT 9 interrupt control register (7D) *" X 
{0} 0/0] 0/ 0/0 
INT 2 interrupt control register (7Fig)-*- X)X|0] 0] 0} 0] 0 0 
0016 Processor status register PS 0/0)/0)?;?{0 }o}o} 1/2]? 


Timer A3 mode register (5916)°* 0016 Program bank register PG 00,6 




















PISS 
> 
/o| 





a 





eS 
re | 
re 
os 
co 
=| 
| 





DS 


Timer AO mode register (5616)°"° 0016 INT , interrupt control register (7E16)°* 


Timer A1 mode register (5746) 


t 
2 





| 


Timer A2 mode register (5816)°°° 














| 





t 


f 


Timer A4 mode register (5Aig)**° 0016 Program counter PC, Content of FFFFi¢ 


9}1Jolojafo 


Timer B1 mode register (5Cig)**: | 0/0] 1 0'0/;0/0 (55) Direct page register DPR 0000;. 


[ofo]sXolo[o/o| 
[alo] XJo/o] ojo] 





Timer BO mode register (SBi6)-* Program counter PC, Content of FFFE;, 














7 





a 


Timer B2 mode register (5Dig)°*° | 010} 1 | 0/0 fo (56) Data bank register DT 001, 








Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 





Fig. 2 Microcomputer internal status during reset 
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EPROM MODE 

The M37710E8LXXXHP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 4 
shows the pin connections in the EPROM mode. 

The EPROM mode is the 1M mode for the EPROM that is 
equivalent to the M5M27C101K. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 





~~ P77/AN7/ADtrRe J 


Elbee P67/TB2in 
++ P79/ANo 
- P7,/AN, 
+> P72/ANo2 
+> P73/AN3 
ata P74/AN4 
+> P75/ANs 
+> P7.6/AN6 


El 


P6.6/TB1n > LL 
—— P6;/TBOw > 


O 


P6,/TA4y ++ L6] 
P69/TA49ut1/RTP13 


P5¢6/TASout/RTP12 +> 9 | 

P55/TA2iy/RTP1, + Lid] 
P54/TA29ur/RTP19 + Ly) 

P§3/TA1\y/RTPO3 + [12| 

CE)— P52/TAlour/RTPO2 + 

OE)— P5,/TAOw;,/RTPO, +: 

€Gip— P5o/TAQour/RTP0p + 


Fig. 4 Pin connection in EPROM mode 


dHXXX18S01L-ZZEW 


Q . 


Outline 80P6D-A 





CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C101K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. | 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 11000;3~1FFFF 4g. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj pin and Xouyrz pin. 


'R]++ P8o/CTSo/RTSo/DAo 


Biba P8s5/CLK, 


60] ++ P8./RxD, 
59] ++ P87/T xD, 


48] > P1>/Ay0/Di9 


46 | <> P14/A42/Dy2 
45} +> P15/Ay3/D43 
44] > P16/Ay4/Dy4 


+ P25/Ar6/Do 
41] +> P2,/Ay7/D, 


* > Connect to ceramic oscillation circuit. 
Cc) : Itis used in the EPROM mode. 
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Table 1 Pin function in EPROM mode 










|] M8771 0EBLXXXHP | MBM27C101K _ | 
a eee eee ee eee 
a =) 
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FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 


Reading ae 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Aj~Aj;5) to be read, and the 
data will be output to the I/O pins Dp~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Ajs5, and the data to 
be written is input to pins Do~D7. Set the PGM pin to a “L” 
level to being writing. 








Writing operation 

To program the M37710E8LXXXHP, first set Vec=6V, Vpp= 
12.5V, and set the address to 11000;.. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V(or Voc=Vpp=5.5V). 


Table 2 I/O signal in each mode 


Floating 





Programmin 

Verify 

Program Disable| Viy 
Note 1: 





Floating 


An X indicates either V,_ or Vin. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=255T, Vec=6V0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 


Parameter 


Test conditions 





Data valid from OE 





7 ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37710E8LXXXHP 


PROM VERSION of M37710M8LXXXHP 





AC waveforms 


Vin 
ADDRESS 
Vie 
Vin/Von 
DATA 
Vit/Vor 
Vpp 
Vpp 
Voc 
Voc 
Voc 
— Vin 
CE 
Vic 
Vin 
PGM 
Viv 
Vin 
OE 
Vic 


Programming algorithm flow chart 


PROGRAM ae 


ene ee 


DATA ee = DATA ane VALID cons 


Test conditions for A.C. characteristics 
Input voltage : V,_=0.45V, V,4y=2.4V 
Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement - Input, Output 


START “L"=0.8V, “H"=2V 
ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp= 12.5V 








l 


0 


PROGRAM ONE PULSE OF 0.2ms 
X=X-+1 


FAIL DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Nms DURATION 






LAST ADDR ? 
YES 
Voc=Vpp= *5.0V 


VERIFY FAIL 
ALL BYTE PMikes 
PASS 
DEVICE PASSED *45V <Voo=Ver<5.5V 


INCREMENT ADDR 


ned 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 3 

(2) The programmable M37710E8LHP that is shipped in 
blank is also provided. For the M37702E8LHP, Mitsu- 
bishi Electric corp. does not perform PROM write test 


and screening in the assembly process and following — 


processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. . 


Writing with PROM writer 


Screening 






(Caution) 





(Leave at 150°C for 40 hours) 


Verify test with PROM writer 





ADDRESSING MODES 

The M37710E8LXXXHP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37710E8LXXXHP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 

(1) M37710E8LXXXHP writing to PROM order confirmation 
form 

80P6D mark specification form 

ROM data (EPROM 8 sets) 


——_—.- nm 
W PO 


] Function check in target device | 

L_ aw aT GSP GP awe GP G=EweeaaT GTP a= qua» eT | 

Caution : Never expose to 150°C exceeding 100 hours. 
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ABSOLUTE MAXIMUM RATINGS 












Ratings 
—0,3~ 7 
—0.3~7 

































Analog supply voltage 





















































Input voltage RESET, CNVss, BYTE —0, 3~12(Note 1) 
Input voltage PO 9~P07, P19~P17, P29 ~P27, P39~P33, 
Vv; P49~P47, Pig~P57, P69~P67, P79>~P77, —0.3~Vec+0. 3 
P89~ P87, Vrer, Xin 
Output voltage POo~P07, Plo~P17, P29~P27, P39~P3s3, 
Vo P4p~P47, P5g~P57, P69~ P67, P79~P77, —0. 3~Voect0. 3 
P89~P87, Xour, E 
| Pq | Power dissipation 200 = 
| Topr 





Topr. Operating temperature —40~85 
—65~150 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 


RECOMMENDED OPERATING CONDITIONS (Vcc=2.7~5.5v, Ta=—40~85°, unless otherwise noted) 


Symbol Parameter Unit 
Typ 
Voc Supply voltage 2.7 
AVcc Analog supply voltage 
Analog supply voltage 















Vv 


0 C 
on 
oi 

</<ici< 












V 
High-level input voltage POQg~P07, P389~P33, P49~P4z, 
jy Po0~P8) Xy, RESET, ONVen, _|0-8NEc Veo 
BYTE 
7 High-level input voltage jae eas e 0. 8Vec Voc 
0.5Vcc Voc 





0.2Vcc V 





V 





1H 
1H 
High-level input voltage Pig~P17, P29~P2; 
Vin (in memory expansion mode and 
microprocessor mode) 
Low-level input voltage PO p~P07, P3895 ~P33, P4p9~P4;, 
V P5o~ P57, P69~P6,, P79~P7z, 
i P8)>~P87, Xin, RESET, CNVss, 
BYTE 
Low-level input voltage P1lo~P17, P29~~P2 
Vit Z 7 : : x : : : 0. 2Vcc 
(in single-chip mode) 
L 


Low-level input voltage P19~P17, P29 ~P27 

V; (in memory expansion mode and 

pu microprocessor mode) 
High-level peak output current PQg~P07, Pl9~P17, P29~P27, 
P39~P33, P4g9~P47, P5o~ P57, 
P69~P67, P79~P77, P89~ P87 
High-level average output current POg~P07, Plp~P17, P29~P27, 
P39~ P33, P4p~ P47, PSo~ P57, 


P69~ P67, P79~ P77, P8&~ P87 
loicavg) 


Low-level peak output current POg~P07, Plo~P17, P29~P2z, 
f(Xin) 


P3o9~ P33, P4o~ P4,, P5o~ P5z, 
P69~ P6,, P79~ P77, P89~ P87 
Low-level average output current POo~P07, P19¢~P17, P2o~P2z, 
P39~ P33, P4p~P4,, P5o~P57, 
P69~ P67, P79~P77, P89~ P87 
Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of loi, peak) for ports P4, PS, P6, and P7 must be 80mA or less, and 

the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


0. 16Vec Vv 


uF 
=) 
S 










7 
ao 
=| 













3 
> 














3 
> 








External clock frequency input 
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ELECTRICAL CHARACTERISTICS (vcc=5v, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
; Typ. 
High-level output volt POQo~P07, P19~P17, P2o~P27, 
ign-ievel output voitage lo 7 0 7 ‘0 7 Veo=5V, lon=—10MA 3 
Vv P3o, P33), P33, P49~ P47, 
a P5o~P5z, P6y~P67, P7o~P77, 
P8)>~P8, Vec™=3V, lox=—1mA 2.5 
High-level output voltage PQ o~P07, P19~P17, P2o~P27, 
Vou 9 p g i) 7, Flo 7, Lo 7 Voo=5V, lon= 400A : 
P39, P31, P33 


Vec=5V, lox= —10mA 
Voc=5V, lon=—400KA 


| 
Von High-level output voltage E 
2.6 


Low-level output voltage P0)~P07, Plp~P17, P2o~P2z, 
; P3p, P31, P33, P4g~P4z, 
oe P5o~P57, P6y~ P67, P79~P77, 
: 
sal P39, P31, P33 


Vor 






Unit 








Ol + 
N 


ciel - 
© jo) 
oO — . ot . 
s . bi? pay e 
Se QW | co o1 ma) 


Vou High-level output voltage P32 








4 


le 


oO 
o1 









Vec=5V, lop=2mA 





Vec=5V, loc =10mA 
Voec=5V, lop =2mA 
Voec™=3V, loL-=1mA 
Voc=5V, loc =10mA 
Voc=5V, loL=2mA 
Vec=3V, loL=1mA 
Voc=5V 

Voc=3V 

Voc=5V 

Voc=3V 


Vr4—V7_ | Hysteresis X | voy : 
—Vy7_ steresis 
High-level input current POg~P07, Plg~P17, P29~P27, 
g p lo 7 0 7 0 7 Voo=5V, Vi=5V 
P39~ P33, P4p~ P4,, P5o~ P5,, 
P69~ P67, P7o~ P77, P8o~ P8,, 
Voc=3V, V,;=3V 
Voc=5V, V,=0V 


Xin, RESET, CNVgs, BYTE 
Vec=3V, V,=0V 






Low-level output voltage P32 








o 








Slo|olelo 
—/—1h a 
























Ts) 






Low-level input current POg~P07, P1o~P17, P29~P27, 
P39~P3s3, P4)~P4;, P5o~ P57, 
P6y~P67, P7>~P77, P89~P87, 
Xin, RESET, CNVgs, BYTE 


RAM hold voltage 


S/9/9}9/9 
o1 Or | RO] ® mis 
> 


Te 


Rg 
> 














=| 
> 


nN 
—) 
is 


When clock is stopped. 


(Xin) =8MHz, 
Ta=25C when clock is 
Ta=85° when clock is 





In single-chip 


ob 
NO 









mode output 






only pin is open 






Power supply current and other pins 


are Vss during 
reset. 
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A-D CONVERTER CHARACTERISTICS (Vcec=AVcc=5V, Vss=AVss=0V, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 





Parameter Test conditions 





Resolution Vrer=Vec 





Absolute accuracy ae Vier Voc 











Riapper | Ladder resistance Vacr=Vec 








tconv Conversion time 








Veer Reference voltage 











Via Analog input voltage 


Limits 





Parameter Test conditions 








Resolution 








Absolute accuracy 








Set time 








Output resistance 





Reference power input current 





Note 1. One D-A converter is used, and the value of D-A register for unused D-A converter is “00;,”. 
Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted) 
External clock input | 7 


External clock input cycle time 125 | | 
External clock input high-level pulse width | 50 | | 











External clock input low-level pulse width 
External clock rise time ee 20 





External clock fall time 


Single-chip mode 


Limits 
















Port P3 input setup time 300 P| 





- ns 
e) ns 

- ns 

- ns 
ns 
- ns 

2 ns 

- ns 

| tsupeo—e) | Port PB inputsetuptime 8s 
ns 

ns 

ns 

ns 

ns 

i ie 

pons 

pons 

J ns 


[tnie-roo) | Por PO imputholgtine —=~=~“‘SCS*S*“‘“*S*SCSCSCSCSCSCSCSCSC“‘~‘“‘~dtSC 
tnienrioy | PoRPt iputholgtine ——~=~=~“‘“~*S*“‘~“~S*S*S*S*~‘“‘“‘~*~*“‘“*S*S*S*S*‘“‘“<CSCSCStid 
thienrzo) | Por P2inputhoidtime ——~=~=~“‘“~*S*S*“‘*‘“*S*SC“*‘“*“<“<CSCStt 
F thiesraoy | PORPOiputhoigtime ——=~=~=“‘CSC*S*#*#*#*~™S~™~™~™C™C™CSCSCSCSOSSCSSSSSCSCSCSC*dSCit 
Fthieneaoy | PorRP4inputholgtime —=S=~=“‘“*S*S*S*S*SC“‘~‘“‘~“~*S*“‘“‘“~*S*S*S*SSSSdC 
put ld oe J 

7 eC eae 

7 a 

i To 










Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 













thie_pip) _| Port P1 input hold time P Oini 





thce—pe2pd) Port P2 input hold time 


th(g,—roy) | RDY input hold time 
th(¢,—HOLD) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAiy input cycle time es ae 
if ewCearr. TAijy input high-level pulse width | 12 | 
TAiy input low-level pulse width ae 









Timer A input (Gating input in timer mode) 


Symbol Parameter 
tc(ta) TAiy input cycle time 


TAiiy input high-level pulse width 
TAi input low-level pulse width 
Timer A input (External trigger input in one-shot pulse mode) 


TAin input cycle time 
TAiwy input high-level pulse width 
TAijy input low-level pulse width 

























Timer A input (External trigger input in pulse width modulation mode) 


ymMpDOo arameter Min. | ni 


TAiwy input low-level pulse width 20 | 






Timer A input (Up-down input in event counter mode) | 


mbo arameter ni 


Thi np yee tne sooo | [ne 
TAiout input high-level pulse width 2500 | Tons 
twice TAiour input low-level pulse width 2000 | | ns | 











tsu(uP-ty) TAiour input setup time 1000 


TAiout input hold time 1000 
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Timer B input (Count input in event counter mode) 


TBijy input cycle time (one edge count) 


TBiy input high-level pulse width (one edge count) | 125 
TBiy input low-level pulse width (one edge count) 125 


















TBiy input cycle time (both edges count) 500 


TBijy input high-level pulse width (both edges count) 250 
TBiy input low-level pulse width (both edges count) 250 
Timer B input (Pulse period measurement mode) 


Limits 
Symbol Parameter 
Mi Max. 


TBi;y input cycle time . 1000 — 


n. 
TBiy input high-level pulse width 500 
tw(tBL) 00 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBijy input cycle time 
TBiyy input high-level pulse width 
TBijn input low-level pulse width 
















































TBijy input low-level pulse width 














A-D trigger input 
Parameter Unit 


Min. 
ADrrg input cycle time (minimum allowable trigger) 2000 ns 
twiabdL) ADtre input low-level pulse width 250 ns 


Serial I/O 


Symbol Parameter 


CLKj input cycle time 500 
CLK; input high-level pulse width 
CLK; input low-level pulse width 25 
TxDj output delay time 





















































TxD} hold time 


tsu(p—c) RxDj input setup time 
thic—p) RxDj input hold time 




















External interrupt INTj input 


Symbol Parameter 





twaNH) INT; input high-level pulse width 250 














twaNL) INT; input low-level pulse width 250 
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SWITCHING CHARACTERISTICS (Vcc=2.7~5. 5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions - 
in. : 


ere 
ra 
Tne 
ns 
300 
300 
300 
Tn 
eames 











ines 
ee 
ae 
ae 
= 











td(e—r6a) Port P6 data output delay time 


td(e—psa) 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


130 

Port P1 floating start delay time (BYTE=“L”) = 

ae eo 
ancl 









Port P2 floating start delay time 


td(p2a—e) Port P2 address output delay time 
td(p2a—ace) | Port P2 address output delay time 








td(¢,—HLDaA) | HLDA output delay time P| 120 
ALE output delay time 


E) i 
= Fig. 5 


| tds —HLoa) | 
Pee! 
ae 
eee 
a 
ete 
a cae 
a el 
Port P1 floating release delay time (BYTE=“L") ce ied 
Port P1 address hold time (BYTE=“H") =a aa 
=i 
Port P2 data hold time oe 
a 
a 
w 2 ae 

ceed 


R/W hold time 
E pulse width 
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Memory expansion mode and microprocessor mode 


Symbol Parameter. 


Port PO address output delay time 


(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


Test conditions 





) 
Port P1 floating start delay time (BYTE=“L”) 


Port P1 data output delay time (BYTE=“L” 


Port P1 address output delay time 


Port P2 address output delay time 


Port P2 address output delay time 


td(¢,—HLpa) | HLDA output delay time 


td(aLe—e) ALE output delay time 


ALE pulse width 


tpxz(e—pe2z) | Port P2 floating start delay time 


BHE output delay time 
R/W output delay time 


Port P1 address output delay time 
Port P2 data output delay time 


¢; output delay time 
Port PO address hold time 
Port P1 address hold time (BYTE=“L”) 


Port P1 data hold time (BYTE=“L”) 


Port P2 floating release delay time 
BHE hold time 


E pulse width 





Unit 


=) 











meat ds 
~ N w 
So oO oO 





OO} oO O10] oO co ©) | GO | CO O01; O1| & oO? 
o1; oO or; or; on O11 QO ]M] NMR NO} NO RO} RD NO 


bh 
~ —_ 
© jee) 
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Memory expansion mode and microprocessor mode 


(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 





Port P2 data output delay time 
tpxzZ(e—p2z) | Port P2 floating start delay time 


Port P2 address output delay time 
HLDA output delay time 


) 
td(p2a—e) Port P2 address output delay time 
) 


Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE=“L”) 

Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H”) 

BHE hold time 








Fig. 5 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM | tr tf tc 
Single-chip mode Pg 
(Xin) 
E 
Bg td(e—roa) 
Port PO output |X 
tsu(poo—e) 
: 
Port PO input E th(e—pop) 
aig facsnen 
Port P1 output  X 
tsu(p1p—e) 
pa 
Port P1 input Le) thie-—prp) 
nay td(e—p2q) 
Port P2 output x 
tsu(p20—e) 
— 
Port P2 input iy thie—p2o) 
— | tdie—p3q) 
Port P3 output x 
| 
tsu(p30—e) = 
Port P3 input i thie—Pap) 
— ] tdi e—pagq) 
Port P4 output Xx 
tsu(pso—e) a 
Port P4 input ha thie—pap) 
tdie—Psa) 
Port P5 output X 
tsu(pso—e) 
Port P5 input ha th(e—psp) 
aay td(e—P6a) 
Port P6 output |X 
tsu(p6ep—e) — 
Port P6 input | th(e—Pep) 
nay td(e—-p7a) 
Port P7 output Dp. 
tsu(p7p—e) | 
Port P7 input i th(e—p7p) 
wag td(e—psa) 
Port P8 output x 
tsu(psp—E) 
Port P8 input Cs th(e—psp) 
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TAtw input 
ES OO EE f 


twiTAL) 


TAlour input 





TAlour input 
(Up-down input) { 


In Event counter mode 


TAty input 


(When count by failing) 
Ee eS ne 
(When count by rising) . 


TBiw input 





ADtac input 
teick) 
CLKj 
i a: Se ae 
j tsu(o—c) thic—p) 
a a 
RxDj 


INT; input 
. twiinn) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


from rrr en ee eee 


/ 


“om 


RDY input 


tsu(Roy—¢,)} thi ¢1—Apy) 


(When wait bit = “0”) 


o 


mi 
~ 


RDY input 


tsu(roy—¢,)} th(¢1—rby) 


(When wait bit = “1” or “0” in common) 


9 


thig,— 
tsu(HoLp—4,) h(¢)—HOLD) 


HOLD input 







td(4,;—HLDA) td(4,;—HLDA) 


HLDA output 


Test conditions 

* Voc = 2.7~5. 5V 

+ Input timing voltage * Vii = 0. 2Voc, Vin = 0. 8Vce 
* Output timing voltage : Vo. = 0. 8V, Von = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit=“1") 


$y 


tdie—s,) 


(Ag~A;) . 


thiace— Seen 


au 


Hai 


~ 


ret 1) a 
(Ag~A15/Dg~Dj5) t cee td(e=P1Q) 
(BYTE="L") d(PtA— ALE) j 





thie—pia) 


ret ee) GD 


(BYTE="H") 
Port P1 input 


Port P2 output (Address 


oe P 


a 








d(e—¢,) 


ore 


toxz(e—p1z) tozx(e—P1z) 


Address _ Address 


td(p1a—e) 





hat th(e—p1D) 


Seely a ae eee = Address 


i ee D. [  Adaress | ences 


(Aie~Az3/Do~ D7) = tsu(p2D-e) 
— di p2a—ace) td(e—p2aq) -——| thie—p2v) 
Port P2 input 
W (ALE) 
C(ALE—E) 
Port P32 output 
(ALE) 


(aes E) 


ee BHE) 


(BHE) 


tdir/w—e) 


Port P3p output 
(R/W) 


Test conditions 

* Voc™=2. 7~5. 5V 

* Output timing voltage : Vo. =0. 8V, Voy=2. OV 

* Ports P1, P2 input > Vip =0. 16Voec, Vin=0. 5Voc 


are RS 


thie—R/w) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed) 


te 


(Xin) va 


¢, 

tdie—¢,) 
_ Me. 4) 
E 


— 


eg 
sate pon fT wee 
(Ao~Az) 
thiace—pPta) tpzx (—E-P12) 
sisi ae = A 
ey ) heen g Bat ) 






( ) 
Port P1 output a 


ets oni ns 
(BYTE="H") - 


— thie—P1D) 
Port P1 input 


Woot r2n) fe iil tozx(e—P2z) 


J 
ae 


Port P2 output 
(Aye~A23/Do~D7) a3 Nas 


— ALE) 
Port P2 input. 
“tt 
tdi aLe—e) 
Port P32 output 
(ALE) 


Address 





tsu(p2D—£) 


pea thie—p2p) 


aii E) 
h(e- BHE) 
=: on ae eames _—a 
(BHE) | 
td(ryw-e) 
thie- Rw) 


Port P3, output 
(R/W) 


Test conditions 

* Voc™=2. 7~5. SV 

* Output timing voltage * Vo. =0. 8V, Von=2. OV 

* Ports P1, P2 input > Vy =0. 16Voec, Vin=0. 5Voc 
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Memory expansion mode and microprocessor mode 


(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed) 


te 


f( Xin) Fi 


py 
J| 
tdie—4,) tdie—¢,) 
-—s 


td(poa—e) 
Port PO output | ae 
sea ea ea rey 


thiave=pia) nel ea tozx (e—P1z) 
4 


Pl eee 
Port P1 output Data rN es Se 
(Ag~Ais/Dg~ Dis) Address | |X a Address P Address 


(BYTE=“L”) td(e—P1Q) 
td(p1a—e) 


th(e—pta) 
Port P1 output ee 


pak es 
(BYTE=“H”) 
pea th(e—P1p) 
a ES PXZ (E—P2z 
pete i ac ae ; 
td(e—Pea) 






mi 














td(P1A—ALE) 


A 






(Aig~Az3/Dp~D7) X Address _ os Spe es fie tery eo Address 


n4 
eae ean 
h(e—P2p) 
td(p2a—ALe) me 
Port P2 input 
t 
— td(ALe—e) 
Port P32 output -—" 
(ALE) 





tsu(p2D—e) 


td(BHE—E) th 
Pe seen et Wag at 
Port P3, output 
(BHE) rr ee 
td(r/w—e) 


Port F P39 output 
(R/W) 


Test conditions 

* Vec=2. 7~5. 5V 

* Output timing voltage : Vo, =0. 8V, Voy=2. OV 

> Ports P1, P2 input > Vit=0. 16Vec, Vin=0. 5Voc 
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ADDRESSING MODES 

The MELPS 7700 microcomputers support 28 different 
addressing modes, offering extremely versatile and power- 
ful memory accessing capability. 

When executing an instruction, the address of the memory 
location from which the data required for arithmetic opera- 


Mode - Implied addressing mode 

Function  : The single-instruction inherently address an 
internal register. 

ex. : Mnemonic Machine code 


CLC 184 





ex. - Mnemonic Machine code 
TXA 8Ai¢ 
(m =1,x = 0) 
2 
The upper-byte 
is not transferred. 


, aN a: 


tion is to be retrieved or to which the result of arithmetic 
operation is to be stored must be specified address during 
program execution. Addressing refers to the method of 
specifying the memory address. 

Actua! addressing modes are now described by type. 


Instruction ‘BRK, CLC, CLI, CLM, CLV, 
DEX, DEY, INX, INY, NOP, 
RTI, RTL, RTS, SEC, SEI, 
SEM, STP, TAD, TAS, TAX, 
TAY, TBD, TBS, TBX, TBY, 
TDA, TDB, TSA, TSB, TSX, 
TXA, TXB, TXS, TXY, TYA, 
TYB, TYX, WIT, XAB 
ex. - Mnemonic Machine code 
TXA BAi¢ 
(m = 0, x = 1) 


(Note) When the data length differ between the transfer-from and trans- 
fer-to locations, data is transferred at the data length for the 
transfer-to location. If, however, the index register is specified as 
the transfer-to location and the x flag is set to 1, 0016 is sent as 


the upper byte value. 
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Mode : Immediate addressing mode 
Function : A portion of the instruction is the actual data. Instruction : ADC, AND, CLP, CMP, CPX, 
Such instruction code may cross over the bank CPY, DIV, EOR, LDA, LODT, 
boundary. . LDX, LDY, MPY, ORA, RLA, 
SBC, SEP 
ex. > Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A,+0A5H 694. A546 ADC A,#+0A5B7H 69. B716 A5i¢6 | 
(m = 1) . (m= 0) 
Memory Memory 
0000, 0000,, 
Program oe ae 
8-bit width bank-PG Op Code (6946) ank- 
A~A+C+ Op Code (69;.) Progiam 16-bit width Operand (B74¢) Program 
< | Operand(A5,,) | Bank Register A-A+C +[A5161 B76 |— Operand (A5i¢) _| Bank Register 
FFFF,, FFFF;, 
ex. - Mnemonic Machine code _ ex. : Mnemonic Machine code 
LDX +0A5H A2ig Adis LDX +0A5B7H A2:6 B7ig Adic 
(x =1 ) (x = 0) 
Memory 
0000,, 0000,, 
Program 
bank-PG Program 
. eae Op Code (A2j,) bank-PG 
se A 16-bit width 16 
8-bit width Op Code (A246) Pro 
gram Operand (B71,) Pro 
= X< [A561 B75 < gram 
X< Operand (A516) Bank Register Operand (A54,) Bank Register 
FFFF,, FFFF,, 
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Mode - Accumulator addressing mode 
Function : The contents of accumulator are the actual data. Instruction : ASL, DEC, INC, LSR, ROL, 
ROR 
ex. -: Mnemonic Machine code 
ROL A 2Aic 
(m = 1) 





Carry flag Accumulator A 
ex. : Mnemonic Machine code 
ROL A 2Ai6 
(m= 0) 





Carry flag Accumulator A 
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Mode : Direct addressing mode 

Function : The contents of the bank 0g memory location Instruction : ADC, AND, ASL, CMP, CPX, 
specified by the result of adding the second byte CPY, DEC, DIV, EOR, INC, 
of the instruction to the contents of the direct LDA, LDM, LDX, LDY, LSR, 
page register become the actual data. If, howev- MPY, ORA, ROL, ROR, SBC, 
er, addition of the instruction’s second byte to the _ STA, STX, STY 


direct page registers contents result in a value 
that exceeds the bank 0, range, the specified 
location will be in bank 146. 


ex. - Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A,02H 654, 02:4. ADC A,02H 6516 0216 
(m = 1) (m = 0) 
Memory 


A~A+C+ 


DATAy | DATA, |< 





Direct page 
reali 
+ = 1236 
Direct page p i - 
register Lee 





Op Code (65,.) 


Operand (02,.) Ee = 1236,, 


ex. : Mnemonic Machine code ex. : Mnemonic Machine code 
LDX 02H A6;,_ 02:6 LDX 02H A6,, 02, 
(x = 1) (x = 0) 
Memory 


0000,¢ 


1236,, 


X<| DATA, ' DATA, -{ 





FFFF,, FFFF 6 





Direct page Direct page 


OpCode (A6;.) register | Op Code (A646) register 
16 
Operand (02,6) oF = 1236; Operand (024.) + = 1236, 
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Function 
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- Direct bit addressing mode 


: Specifies the bank 0,3 memory location by the Instruction - CLB, SEB 
value obtained by adding the instruction’s second 

byte to the direct page register’s contents, and 

specifies the positions of multiple bits in the 

memory location by the bit pattern in the third 

and fourth bytes of the instruction (third byte only 

when the m flag is set to 1). If, however, addition 

of the instruction’s second byte to the direct page 

register’s contents result in a value that exceeds 

the bank 0,, range, the specified location will be 


in bank 146. 
> Mnemonic Machine code ex. > Mnemonic Machine code 
CLB +5AH, 04H 14,5 044, 5Ai6 CLB +5AA5H, 04H 1416 04,6 Adie 5A, 
(m = 1) (m = 0) 
Memory Memory 









Bank 0 
Direct page : 
register pifeck pag? 
Op Code (1446) register 


Operand (044.) 
Operand (5Aj.) 


ss = 1238 


?}0]?] 0/0] 2/0] 2] 001238, 


0012384, 
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Mode : Direct indexed X addressing mode 

Function :The contents of the bank 0. memory location Instruction : ADC, AND, ASL, CMP, DEC, 
specified by the result of adding the second byte DIV, EOR, INC, LDA, LDM, 
of the instruction, the contents of the direct page LDY, LSR, MPY, ORA, ROL, 
register and the contents of the index register X ROR, SBC, STA, STY 


become the actual data. If, however, addition of 
the instruction’s second byte, the direct page 
register’s contents and the index register X’s con- 
tents results in a value that exceeds the bank 04, 
or bank 116 range, the specified location will be 
in bank 146 or bank 246. - 


ex. - Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A,1EH,X 7516 1Ei6 ADC A,1EH,X 7546 1Ei6 
(m= 1, x = 1) (m= 0, x = 1) 
Memory Memory 


A~A+C+ 


[para] ~ 


Bank 0:6 


Bank 016 A+A+C+ 


DATA, 1 DATA,|< 





Direct page Index 
register register X Op Code (75,4) | register register X 


Operand (1Eig) | + [1234,,|+|__ | E646| = 133816 Operand (1E,,.) | + a = 1338;, 
=e 


Direct page Index 





ex. : Mnemonic Machine code ex. - Mnemonic “Machine code 
ADC A,1EH,X 7516 1E46 ADC A,1EH,X 7516 1E16 
(m= 1, x = 0) (m = 0, x = 0) 
Memory Memory 


0000,, 






0000,, 






A-A+C+ A-A+C+ Bank 016 
DATA ] < 43386 4298.4 
DATA, i DATA, | <— 





FFFFg Sf FFF. 





Direct page Index Direct page Index 
Op Code (754.) register register X register register X 


[Operand (16) |+ [12546] + [ 3066] ~ 4998, [operand (16) | +1258 ]+| 3066, |= 4308, 
—__ pees 
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ex. >: Mnemonic Machine code 
LDY 1EH,X B4,, 1E., 
(x = 1) 
Memory 


v< [bara] - 





Direct page Index 


Op Code (B44.) register register X 
Operand (1Ej,) + | 1234,, +| | E66] = 1338,, 





ex. > Mnemonic Machine code 
LDY 1EH,X B4.¢ 1Ei6 
(x = 0) 
Memory 
0000,, 
Bank O16 


4338,, 


Y¥<| DATA, | DATA, -| 


FFFF,, 





Direct page Index 


Op Code (B4,,) register register X 
—Operand (1Eie) | +] 12344, +| 3066, | = 4338,, 
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Mode : Direct indexed Y addressing mode 


Function : The contents of the bank 0;, memory location Instruction ‘:LDX, STX 

specified by the result of adding the second byte 
of the instruction, the contents of the direct page 
register and the contents of the index register Y 
become. the actual data. If, however, addition of 
the instruction’s second byte, the direct page 
register’s contents and the index register Y’s con- 
tents results in a value that exceeds the bank 04. 
or bank 11, range, the specified location will be 
in bank 14, or bank 246. 


ex. -: Mnemonic Machine code 
LDX 02H,Y B6,, 024.6 
(x = 1) 
Memory 


0000,¢ 


Bank Oi. 


131Ci, 


FFFF,, 









Direct page Index 


Op Code (B6,,) register register Y 
Operand (0216) J +| 123416 |+[ E6.¢] = 131C;, 


ex. : Mnemonic Machine code 
LDX 02H,Y B6,, 024, 
(x = 0) | 
Memory 


0000,, 






Bank O46 
131Ci, 


X<-| DATA, | DATA, -| 


FFFF,, 


Direct page Index 


Op Code (B6,,) register register Y 
Operand(02,,). | + + | 00E6,, |= 131C,, 
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Mode - Direct indirect addressing mode 


Function :The value obtained by adding the instruction’s 
second byte to the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank 0.6, and the contents of these bytes in 
memory bank-DT (DT is contents of data bank 
register) become the actual data. If, however, the 
value obtained by adding the instruction’s second 
byte and the direct page register’s contents ex- 
ceeds the bank 0,, range, the specified location 
will be in bank 14.. 


ex. : Mnemonic Machine code ©x. 
ADC A, (1EH) 7216 1Ei6 
(m = 1) 
Memory 





DATATI (1246) 





1252,, 
125316 







Direct page 
register 


[tei 





Op Code (72;.) 
Operand (1E4,) 








Data bank 
register 


120116 


A+A+C+ 


[ora] ~ 


A~A+C+ 


Instruction 





Direct page 
register 


[123%] + | Operend (Ei) 





DATA, 1201,6 


| DAT 
DATA AL |< DATA,, 


: ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


- Mnemonic Machine code: 
ADC A,(1EH) 7216 1E46 
(m= 0) 

Memory 


DATAIL (124.) 


Op Code (724) 





beh red ees ae a Data bank 
register 
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Mode - Direct indexed X indirect addressing mode 
Function : The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
second byte, the contents of the direct page re- LDA, MPY, ORA, SBC, STA 


gister and the contents of the index register X 
specifies 2 adjacent bytes in memory bank 046, 
and the contents of these bytes in memory bank 
O16, and the contents of these bytes in memory 
bank-DT (DT is contents of data bank register) 
become the actual data. If, however, the value 
obtained by adding the instruction’s second byte, 
the direct page register’s contents and the index 
register X’s contents exceeds the bank Oj. or 
bank 116 range, the specified location will be in 
bank 11, or bank 246. 


ex. > Mnemonic . Machine code 
ADC A, (1EH, X) 61ig 1E4, 
(m=1,x=1) 
Memory 


0000,, 







Sn yee a eS ae FFFF,, 





13384, 










Op Code (61,,) 
Operand (1E4.) 


| ‘Data bank 
register 
ATA+C+) paTA}=[ DATA | [ BT] 1400s6 


Direct page Index 
register register X Program 


+ + =133816 bank-PG 
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ex. : Mnemonic Machine code 
ADC A, (1EH, X) 6146 1E.6 
(m =0,x=1) 
Memory 


0000,¢ 





13381, 





eens ree FFFF,, 





Op Code (614,) 


Operand (1E;,¢) 


Direct page Index 
register register X Program 


+ [_ 1234,, |+ | E6,, |=1338,, bank-PG 








Data bank 
register 


ex. - Mnemonic Machine code 
ADC A, (1EH, X) 614, 1E4.6 
(m=1,x =0) 
Memory 


10000,, 






Bank 146 
10338,, 


IFFFF 1, 


Direct page = |ndex 


Op Code (614) register register X Program 
Operand (1,6) + + =10338,, { bank-PG 


Data bank 
register 


a~a+c-+ vata] | DT |1400,¢ 
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ex. : Mnemonic Machine code 
ADC A, (1EH, X) 614, 1Ei6 
(m=0,x=0) 
Memory 





Op Code (614) 
Operand (1E4.) 


10000,¢ 


Bank 116 


10338,, 


1FFFF,, 





Direct page index 
register register X Program 
+ +| FOE6,, | =10338,, { bank-PG 


Data bank 


register 





A~Aa+c4 DATA, | DATA | — LOT ] 1400%6 
MITSUBISH 
4—14 | 


ELECTRIC 


Mode 


Function 


ex. 


a~ato+[ bata] ~ 


[ 12346 | + 


: Direct indirect indexed Y addressing mode 


: The value obtained by adding the instruction’s 


second byte and the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank 04.. 

The value obtained by adding the contents of 
these bytes and the contents of the index register 
Y specifies address of the actual data in memory 
bank-DT (DT is contents of data bank register) . 
If, however, the value obtained by adding the 
contents of the instruction’s second byte and the 
direct page register exceeds the bank 0;. range, 
the specified location will be in bank 1,.. Also, if 
addition of the contents of memory and index 
register Y generate a carry, the bank number will 
be 1 larger than the contents of the data bank 
register. 














- Mnemonic Machine code 
ADC A, (1EH),Y 7146 1E:6 
(m=1,x=1) 
Memory 
Bank O16 
Index 
SAAT (A register Y 
25246 rt =12E7 
Direct page 
register Op Code (7146) 


Operand (1Ei.¢) 


Data: bank 
register 


12E7,, 


MITSUBISHI MICROCOMPUTERS 
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Instruction 


- ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 
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ex. : Mnemonic Machine code 
ADC A, (1EH), Y 7146 1E:6 
(m=0,x=1): 7 
Memory 
Bank 04. 
Index 
register Y 
125246 











Op Code (714.) 
Operand (1E,,) 


Direct page 
register 


[zat | + 








Data‘ bank 
register 


A-A+CH DATAW! DATA, | 12E7;, 





ex. - Mnemonic Machine code 
ADC A, (1EH), Y 7116 1E46 
(m=1,x=0) 
Memory 
Bank 046 
Index 
register Y 
+ =102E7 








Op Code (7146) 


Operand (1E4.) 


Direct page 
register 


[ 12340 | + 







Data bank 
register 


[ oT |+41, 02€7,, 





DATA 


as e4 [om] 
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ex. - Mnemonic Machine code 
ADC A, (1EH), Y T1116 1E46 
(m= 0, x = 0) 
Memory 
Bank 046 
index 
register Y 


125246 DATAI (0146) 
12531, DATAIL (1246) 


+ =102E7,, 





Direct page 
register Op Code (7146) 


[ 12986 ] + | Operand (Ee) 





Data bank 
register 


DATA DT |+1, 02E7. 
A~A+C+4] DATA, | DATA, |< | rere . 
H 
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Mode 


Function 


ex. 


a~atosfoata] ~ 


: Mnemonic 





Direct page 
register 


pee 


: Direct indirect long addressing mode 


: The value obtained by adding the instruction’s 


second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 
bank 01.6, and the contents of these bytes specify 
the address of the memory location that contains 
the actual data. If, however, the value obtained by 
adding the contents of the instruction’s second 
byte and the direct page register exceeds the 
bank 0; range, the specified location will be in 
bank 145. The 3 adjacent bytes memory location 
may be spread over two different banks. 


Machine code 
ADCL A, (1EH) 671, 1Ei,¢ 


(m=1) 


Memory 


DATA I (EF4.) 
DATA II (014.) 
DATA Il (12,,) 







1252,, 
12531, 
1254;, 


Op Code (67;.) 
Operand (1E4.) 





1201EF,, 


A+-A+C-+]| DATA, | DATA, | 


Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


ex. : Mnemonic 
ADCL A, (1EH) 
(m=0) 


Machine code 
67146 TEi.6 


Memory 






1252,, 
12531, 
12544, 











Op Code(67;,) 


Operand(1E,,) 


Direct page 
register 


[1234 | + 





1201EF,, 
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Mode 


Function 


eX. 


a-ate+[omm ]~ 





Direct page 
register 


peel sr 


- Direct indirect long indexed Y addressing mode 


: The value obtained by adding the instruction’s 


second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 
bank 0,6, and the value obtained by adding the 
contents of these bytes and the contents of the 
index register Y specifies the address of the 
memory location where the actual data is stored. 
If, however, the value obtained by adding the 
contents of the instruction’s second byte and the 
direct page register exceeds the bank 0, range, 
the specified location will be in bank 14.5. The 3 
adjacent bytes memory location may be spread 
over two different banks. 


> Mnemonic Machine code 


ADCL A,(1EH), Y 7746 1E1¢ 
(m=1, x=1) 


Memory 


Bank 046 
Index 
register Y 






12524, 
12531, 
1254, 










Op Code(77i¢) 


Operand(1E,,) 






1202104, 





Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


+[ | 2t16 | =1202101, 
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ex. : Mnemonic Machine code 
ADCL A,(1EH), Y 7746 1E16 
(m=0, x=1) 
Memory | 
Index 
1252 register Y 


12534, 
1254,, 


DATAIN (12,.) 





Op Code(7746) 


Operand(1E,,) 


Direct page 
register 


[1234 | + 






ex. - Mnemonic | Machine code 
ADCL A,(1EH), Y 7716 1E46 
(m=1, x=0) . 
Memory 
Bank O16 
Index 
12526[ DATAT (EF e) register ¥ 


12531, 
1254, 


DATAII (0146) +[ E521,, | =12E710;. 





Op Code(774.) 


Operand(1E4.¢) 


Direct page 
register 


[ 12346 | + 


12E710,, 


A-A+C+| DATA |= 
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ex. : Mnemonic Machine code 
ADCL A,(1EH), Y 7716 1E16 
(m=0, x=0) 
Memory 
Bank O16 
Index 
12524 register Y 







12531, 
1254,, 


+| E2116 | =12E7104, 





Direct page 


register Op Code(774¢) 
1234,, | + Operand(1E4.) 


12E710,¢ 


a~ates[oatm | oaTa]~| 
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Mode : Absolute addressing mode 
Function : The contents of the memory locations specified Instruction : ADC, AND, ASL, CMP, CPX, 
~ by the instruction’s second and third bytes and ~ CPY, DEC, DIV, EOR, INC, 
the contents of the data bank register are the JMP, JSR, LDA, LDM, LDX, — 
actual data. Note that, in the cases of the JMP LDY, LSR, MPY, ORA, ROL, 
and JSR instructions, the instructions’ second and ROR, SBC, STA, STX, STY 
third byte contents are transferred to the program 
counter. 
ex. - Mnemonic Machine code ex. -. Mnemonic Machine code 
ADC A, OAD1 2H 6D4. 124, ADs. ADC A, OAD1 2H 6D,, 1216 AD. 
(m=1) (m=0) 
Memory Memory 


Op Code (6D,,) Op Code (6D,,) 
Operand (1246) Operand (1246) | 
Operand (AD,,) Operand (AD,.) 










pears ere Data bank 
register 






ees aston! Data bank A-A+CH 
speed. easter [bara.T oar] ~{ AD12:g 
[ema] ~ [or]an., 
ex. - Mnemonic Machine code ex. - Mnemonic Machine code 
LDX 0AC14H AE, 14, ACis LDX 0AC14H AE. 144.6 ACi 
(x=1) (x=0) 
Memory Memory 


Op Code (AE,,) Op Code (AE,,) 
Operand (14,,) Operand (14,,) 
Operand (ACi,) Operand (AC,.) 













Data bank 
register 


Data bank 


register [ oT | AC14 
X<] DATA | < | AC14,, aa uciaeeeis a ae gg <|{ a 
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ex. : Mnemonic Machine code 
JMP 0AC14H 4Cig 14,4 ACi, 
Memory 


| 0000; 


Op Code (4Ci,) 
Operand (14,,) 
Operand (AC,,) 








Program 
bank-PG 
Program 
bank register 
Address to be 
AC14 
executed next. 16 
FFFF,, 
Program bank register contents are not affected. 
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Mode - Absolute bit addressing mode 
Function : The contents of the instruction’s second and third Instruction - CLB, SEB 
bytes and the contents of the data bank register 
specify the memory locations, and data for multi- 
ple bit positions in the memory locations are spe- 
cified by a bit pattern specified in the instruction’s 
fourth and fifth bytes (the fourth byte only if the m 
flag is set to 1). 
ex. : Mnemonic Machine code @X. - Mnemonic Machine code 
CLB +5AH, 1234H 106 3446 1246 5Ai, CLB #5AA5H, 1234H 1Cig 3446 1246 A516 5A4, 
(m=1) (m=0) 
Memory Memory 
Op Code (1Cj5) p—---— 
Operand (34,.) 
Operand (124) 
Operand (5A4¢) 
Data bank 
register ane 
ata ban 
123416 register 
12344, 
Data bank 
register 
1234,, 
Data bank 
register 
12344, 
‘oy ¢ MITSUBISHI 
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Mode - Absolute indexed X addressing mode 


Function : The contents of the memory locations specified Instruction : ADC, AND, ASL, CMP, DEC, 


by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction’s 
second and third bytes with the contents of the 
index register X and the contents of the data 
bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction’s second and third bytes with the con- 
tents of the index register X generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 


ex. : Mnemonic Machine code ex. 
ADC A, 0AD12H, X 7Di¢ 12;, AD;, 
(m=1, x=1) 
Memory 


Op Code (7Dj,) register X 
Operand (12,,) iis |__| EE16]=AE00,, 


Operand (AD,,) 


Index 









Data bank 
A~A+C+ register AW-ATCH 
pan] ce 


are MESES 





DATA, | DATAL | <— 


DIV, EOR, INC, LDA, LDM, 
LDY, LSR, MPY, ORA, ROL, 
ROR, SBC, STA 


- Mnemonic Machine code 
ADC A, 0AD12H, X 7Di¢ 1216 ADi¢ 
(m=0, x=1) 

Memory 


Index 
Op Code (7D4,) register X 
Operand (12;.) 
16 + | i EE,, | =AE00,, 


Operand (AD,,) 


Data bank 
register 


AE00,, <—- 
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ex. : Mnemonic Machine code ex. 
ADC A, 0AD12H, X 7D4¢ 1246 AD4, , 
(m=1, x=0) 


Memory 


_— Index 


Op Code (7D;6) register X 


Operand (1246) ee 
+ | 10EE,. | =BE00,, 
Operand (AD,,) [:1OEE ie) 





Data bank 
register 


[ DT] BE00,, 


A-A+C+ 


[oxa] - 


ex. - Mnemonic Machine code ex. 
LDY 0BC12H, X BCis 12;, BCi., 
(x=1) 
Memory 





Op Code (BC,,) 


Operand (124,) 
Operand (BC,.) 


Index 
register X 


2 ! EE.6 =BD00,, 





Data bank 
register 
y~[ata] ~ 


BD00,, 


A+~A+C+] DATA, 1: DATA, -| 


: Mnemonic Machine code 
ADC A, 0AD12H, X 7D45 12, AD;, 
- (m=0, x=0) 
Memory 


Index 
register X 


Op Code (7D4,) 


Operand (12,.) 


Operand (AD,.) 


Data bank 
register 


[DT] BE00,, 





> Mnemonic Machine code 
LDY 0BC12H, X BCis 12:6 BC, 
(x=0) 
Memory 







Index 
register X 


Operand (124.) 
SG =Cp00 
Operand (BC,,) : 


Op Code (BC,,) 


- Data bank 
register 


DATA DT | CDOO 
Y <—| DATA, | DATA, | <— | OT | 15 
DATA 
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Mode - Absolute indexed Y addressing mode 

- The contents of the memory locations specified 
by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction’s 
second and third bytes with the contents of the 
index register Y and the contents of the data 
bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction’s second and third bytes with the con- 
tents of the index register Y generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 


Function 


Machine code ex. 
1916 1216 ADi¢ 


ex. : Mnemonic 
ADC A, 0AD12H, Y 
(m=1, x=1) 


Op Code (7946) 
Operand (12;.) 
Operand (AD,,) 






Index 
| register Y 










Data Bank 
register 


AE00,, 


A+~A+C+ 


Machine code ex. 
7946 1216 AD, 


ex. > Mnemonic 
ADC A, 0AD12H, Y 
(m=0, x=1) 


Memory 


Op Code (7946) register Y 
Operand (1246) 


Index 


Operand (AD,.) 






Data bank 
register 


AE00,, 


A-A+C+ 


DATAyW i DATA, | <— 


A+A+C+ 


Instruction 





[oara ]— 





DATA, 1 DATA, | < | 


- ADC, AND, CMP, DIV, EOR, 
LDA, LDX, MPY, ORA, SBC, 


STA 
- Mnemonic Machine code 
ADC A, 0AD12H, Y 1946 1216 AD;, 
(m=1, x=0) 
Memory 


Op Code (79,,) 
Operand (12,,) 
Operand (AD,,) 


Index 
register Y 


+[40EE;. |=BE00,, 





Data Bank 
register 





- Mnemonic Machine code 
ADC A,0AD12H, Y 7916 1216 AD4, 
(m=0, x=0) 

Memory 


| Op Code (796) _| Code (79 . 
= : a register Y 

peran 16 
Operand (AD,,) Be =BE00,, 


index 






Data bank 
register 


BE00,, 
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ex. > Mnemonic Machine code ex. - t Mnemonic Machine code. 


LDX 0BC12H, Y BE,, 12;, BCi, LDX 0BC12H, Y BE,, 12,, BCi, 
(x=1) (x=0) 
Memory Memory 





Op Code (BEi,) 
Operand (124.) 
Operand (BC) 


Index 
Op Code (BE,.) register Y 


Operand (12;.) 
+ =BDOO0 
Operand (BC,,) - 


Index 
register Y 


| + [Es] =c000, 





Data bank 
register 


BD00,, 
X <| DATA, | DATA, | <— 


Data bank 
register 


x~ [Data] [BT] c000, 
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Mode : Absolute long addressing mode 

Function : The contents of the memory locations specified Instruction : ADC, AND, CMP, DIV, EOR, 
by the instruction’s second, third and fourth bytes JMP, JSR, LDA, MPY, ORA, 
become the actual data. Note that, in the cases of SBC, STA 


the JMP and JSR instructions, the instructions’ 
second and third byte contents are transferred to 
the program counter and the fourth byte contents 
are transferred to the program bank register. 


ex. - Mnemonic Machine code ex. > Mnemonic Machine code 
ADC A, 123456H 6F 16 5646 3446 124, ADC A, 123456H 6F 45 56146 3446 1246 
(m=1) (m=0) 
Memory 


Memory 


Op Code (6F,,) Op Code (6F,,) 
Operand (56,,) Operand (564) 
Operand (34,.) Operand (34,.) 


Operand (12,.) 


Operand (124) 






A-A+C+ 


[oar ~ 


123456,, 


123456 
" A+A+C+] DATA, | DATA, - | 





ex. - Mnemonic IMachine code 
UMP 123456H 5Ci¢ 5616 3446 124 


Memory 






Program 
bank register 


34561, 


Address to be 


executed next. 


Program bank register contents are replaced by 
the third operand. 
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Mode : Absolute long indexed X addressing mode © 


Function : The contents of the memory location specified by 
adding the numeric value expressed by the 
instruction’s second, third and fourth bytes with 
the contents of the index register X are the actual 






Instruction : ADC, AND, CMP, DIV, EOR, 


data. 
ex. - Mnemonic Machine code ex. 
_ ADC A, 123456H, X TFig 5616 344, 12), 
(m=1, x=1) 
Memory 
Index 
register X 
+ [Tet }=1298874 
A+~-A+C+H+ A+A+C+ 


[oara] = 





ex. - Mnemonic Machine code 
ADC A, 123456H, X 7Fig 5615 3416 1246 
(m=0, x=1) 
Memory 


Op Code (7F4.) Index 
Operand (56,,) register X 


Operand (34,,) + =132337,, 


Operand (12,,) 


A+A+C+ 


[para] ~ 





DATA, | DATA, |< 


ex. 


132337,, DATA, | DATA, < 


A+~A+C+ 


LDA, MPY, ORA, SBC, STA 


- Mnemonic Machine code: 
ADC A, 123456H, X TFi6 5646 3446 1246 
(m=0, x=1) 

Memory 


Op Code (7F,¢) Index 
Operand (564.) register X 


Operand (34;.) = =123537,, 


Operand (12,.) 


— eee eee ee 









1235374, 
> Mnemonic Machine code 
ADC A, 123456H, X TF 46 5646 3446 1246 
(m=0, x=0) 
Memory 
Index 
register X 


( 
Operand (34,,) 4 =132337,, 
(12;6) 


Operand (124, 






13233746 
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Mode - Absolute indirect addressing mode 


Function _: The instruction’s second and third bytes specify 2 Instruction : JMP 
adjacent bytes in memory, and the contents of 
these bytes specify the address within the same 
program bank to which a jump is to be made. 


ex. - Mnemonic Machine code 
JMP(1400H) 6C,, 00,, 144, 
Memory 












Op Code (6C;,) 
Operand (00,,) 
Operand (14,,) 


Program 
bank-PG 


DATA I (FF4.) 
DATA II (1E46) 


1400,, ! 


Program 
bank register 


1EFF,, 


Address to be 
executed next. 
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Mode : Absolute indirect long addressing mode 


Function : The instruction’s second and third bytes specify 3 Instruction :JMP 
adjacent bytes in memory, and the contents of 
these bytes specify the address to which a jump 
is to be made. 


ex. : Mnemonic Machine code 
JMPL(1234H) DCig 3416 1246 


Memory 


Op Code (DC,.) 
( 












Operand (34,.) . 
Operand (124.) 


Program 
bank register 
DATA I (1246) [PG |1234,. 






Program 
bank register 


[A1,¢|B4124, 


Address to be 
executed next. 


DATA II is-loaded in the program bank register. 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode - Absolute indexed X indirect addressing mode 


Function : The value obtained by adding the instruction’s Instruction : JMP, JSR 
second and third bytes and the contents of the in- 
dex register X spcifies 2 adjacent bytes in mem- 
ory, and the contents of these bytes specify the 
address to which a jump is to be made. 


ex. : Mnemonic Machine code 
JMP(1234H, X) TCi6 3446 1246 
(x=1) 
Memory 






Index 
register X 


Op Code (7C,.) 
Operand (34,,) 
Operand (12;.) 


DATA I (1246) 


DATA II (BCi,) 


1246,, Program 
bank-PG 


Program 
bank register 


BC12,. 





Address to be 
executed next. 
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Mode : Stack addressing mode 
Function : Register contents are saved to or restored from Instruction : PEA, PEI, PER, PHA, PHB, 
the memory location specified by the stack poin- PHD, PHG, PHP, PHT, PHX, 
ter. The stack pointer is set in bank O16. PHY, PLA, PLB, PLD, PLP, 
PLT, PLX, PLY, PSH, PUL 
ex. - Mnemonic Machine code ex. : Mnemonic Machine code 
PHA 48.46 PHA 48.16 
(m=1) (m=0) 
Memory Memory 
Stack pointer [—_____] _ Stack pointer 
2) a en 
eee | - Bank O16 
ex. - Mnemonic Machine code ex. : Mnemonic Machine code: 
PHD OB. PEA + 1234H F456 344, 124, 
Memory Memory 
Stack pointer 
S-2 00,¢ Stack pointer 
S DPR, Beak Or Bank O16 
Op Code (F4,,) 
Operand (34,.) 
Operand (124.) 
MITSUBISHI 
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2X. : Mnemonic Machine code 
PEI + 12H D445 1246 
_ Memory... 





341246 






Stack pointer Bank Die 


S-2 
S-1 


Direct page 


Op Code (D4,,) register 
Operand (12,,) + | 3400, |= 3412,, 


ex. - Mnemonic 
PER + 1234H 


Machine code 
6216 3446 124, 












Stack pointer 


Bank O16 







Program 
bank register 


56764, 
bine tae 
+ | 56 | 78,6 | = (68) ole 


Program counter 






Op Code (62;.) 
Operand (344,) 
Operand (124) 





Program 
bank-PG 
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Mode 


Function 


ex. 


ex. 


>: Mnemonic 


Address to be 
executed next. 


: Mnemonic 


Address to be 
executed next. 


- Relative addressing mode 


- Branching occurs to the address specified by the 


value resulting from addition of the contents of 
the program counter and the instruction’s second 
byte. In the case of a long branch by the BRA in- 
struction, a 15-bit signed numeric value formed 
by the contents of the instruction’s second and 
third bytes is added to the program counter con- 
tents. If the addition generates a carry or borrow, 
1 is added to or subtracted from the program 
bank register. 


Machine code 


BCC *k —12 90,, F446 


Branches to the address * —12 if the carry flag (C) 
has been cleared. 


Memory 


Op Code (90,.) 


Operand (F44,) ump 





Machine code 


BRA 1234H 8215 3416 1246 


Memory 


Op Code (82,,) 
Operand (34,,) 


Progr 
Operand (12,,) aan 


| bank register 


FF12,, 


1146,, 





Address to be 
executed next. 


Program 
bank-PG 


Program 
bank-PG+1 


Instruction : BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 


Advances to the address * if the carry flag (C) 
has been set. 
Memory 


Op Code (90,,) 
Operand (F44,) 
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Mode 


Function 


ex. 


: Direct bit relative addressing mode 


: Specifies the bank 0;, memory location by the 


value obtained by adding the instruction’s second 
byte io the direct page regisier’s contents, and 
specifies the positions of multiple bits in the 
memory location by the bit pattern in the third 
and fourth bytes (the third byte only if the m flag 
is set to 1). Then, if the specified bits all satisfy 
the branching conditions, the instruction’s fifth 
byte (or the fourth byte if the m flag is set to 1) is 
added to the program counter as a signed value, 
generating the branching destination address. If, 
however, addition of the instruction’s second byte 
to the direct page register’s contents result in a 
value that exceeds the bank 0,. range, the speci- 
fied location will be in bank 14.. 


> Mnemonic Machine code 


BBS #5AH, 04H, OF6H 244, 0446 5Ay6 F6i6 
(m=1) 


Memory 





Instruction : BBC, BBS 


Memory 











001238,, Bank 016 001238,, Bank 046 
Program 
ister 
Address to be bank pitta 
executed next. | s,s (ft FFD, 
Direct page Direct page 
Jump Op Code (24,,) register Op Code (244.) register 
Operand (04,,) + |12341¢ |= 12384, Operand (044.) a6 123416 |=123816 
Operand (5Aj,) Program Operand (5Aj.) Program 
Operand (F6,,) bank register Operand (F64,) bank register 
executed next. re 
h 
(Branch) (Not branch) 
¢ MITSUBISHI 4—37 
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ex. : Mnemonic Machine code. 
BBS +5AA5H, 04H, OF6H 2446 041, A516 5Ai¢ F6i, 
(m=0) 
Memory Memory 







001238 oft [afolol+ [4] 1 001238 
: ORICICIEIEH pe aia 


Program 
Address to be bank register 


executed next. Pee ape esos 1146] FFFE,, 


Direct page Direct page 
ii register register 
Program Program 


Operand (F6,4¢) bank register pdaress to be Operand (F6,,) bank register 
iar 0008,, executed next. caine [24] OO0B ie 





(Branch) 


(Not branch) 





¢ MITSUBISHI 
a ELECTRIC 


Mode 


Function 


ex. 


Address to be 
executed next. 


Jump 


> Mnemonic 







- Absolute bit relative addressing mode 


: The instruction’s second and third bytes and the 


contents of the data bank register specify the 


mo! location, and data for the memary 
location’s multiple bits is specified by a bit pat- 
tern in the instruction’s fourth and fifth bytes (the 
fourth byte only if the m flag is set to 1). Then, if 
the specified bits all satisfy the branching condi- 
tions, the instruction’s sixth byte (or the fifth byte 
if the m flag is set to 1) is added to the program 
counter as a signed value, generating the bran- 


ching destination address. 


Machine code 
BBS #5AH, 1234H, OF6H  2C 16 3446 1246 5Ai6 F646 


(m=1) 


Memory 


) 


( 


Program 
bank register 


FFFD,¢ 










Program 
bank register 


12, 0007,¢ 


Data bank 
register 


123416 





o}4}4]4] 470) 


(Branch) 


MITSUBISHI MICROCOMPUTERS 
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Instruction : BBC, BBS 


Memory 


oom 
easeuamcnaeeel 





Program 
bank register 


12¢]0007,¢ 


Address to be 
executed next. 


Data bank 
register 


[ DT |1234,, 





(Not branch) 
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ex. : Mnemonic 
BBS +5AA5H, 1234H, OF6H 
.(m=0) 


Memory 


Address to be 
executed next. 


Jump 


Operand (5A4,) 


Operand (F64,) bank register 


Op Code (2Ci6) 
Operand (344.) | 


Operand (124.) 
Operand (A54.) 


Machine code 


Memory 


Op Code (2C4,) 
) 


Program 
bank register 


FFFDi, 





Operand (344.) 
Operand (124, 
Operand (A54, 


) 
Operand (5A4.) 
(F6,,) 












Program 
bank register 


0007,. 






Program 
Operand 





Address to be 
executed next. 


0007. 


Data bank 
register 


Data bank 
register 


(Branch) 








[DT | 1234,, [DT ]1234,, 





(Not branch) 
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Mode - Stack pointer relative addressing mode 
Function : The contents of a bank 0,. memory location spe- Instruction : ADC, AND, CMP, DIV, EOR, 
cified by the value resulting from addition of the LDA, MPY, ORA, SBC, STA 
instruction’s second byte and the contents of the 
stack pointer become the actual data. If, howev- 
er, the value obtained by adding the contents of 
the instruction’s second byte and the stack point- 
ers contents exceeds the bank Oj, range, the 
specified location will be in bank 14.. 
ex. - Mnemonic Machine code ex. - Mnemonic Machine code: 
ADC A, 02H, S 6346 0246 ADC A, 02H, S 6316 0216 
(m=1) (m=0) 
Memory Memory 
Bank 046 
A+A+C+ 





Stack pointer 


+ = 1236, 


Op Code (63,,) 
Operand (02,,) 


DATA 
DATA, | DATA, -| 123616 






Stack pointer 


+ [ 1234, |= 1236,, 


Op Code (6346) 
Operand (02;.) 
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Mode > : Stack pointer relative indirect indexed Y addres- 
sing mode 
Function - The value obtained by adding the instruction’s 


second byte and the contents of the stack pointer 
specifies 2 adjacent bytes in memory. The value 
obtained by adding the contents of these bytes 
and the contents of the index register Y specifies 
address of the actual data in memory bank-DT 
(DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the 
index register Y generate a carry, the bank num- 
ber will be 1 larger than the contents of the data 
bank register. | 


ex. - Mnemonic IMachine code 
ADC A,(1EH, S), Y 7346 1Ei6 
(m=1, x=1) 


Memory 
Bank 04. 


Index register Y 


DATA 
1252:¢ I (0446) +[ 1 E615 | = 12E7,, 


125316 DATA II (12,,) 


Stack pointer 


Op Code (734.) 


[7284] + [operand (Ee) 


Data bank 
register 


12E74, 


A-A+C+ 


[oata] — 








A~A+C+ 


-{ [DT] 1267, 


Instruction : ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


ex. - Mnemonic Machine code: 
ADC A,(1EH, S), Y 73465 1E4, 
(m=0, x=1) 
Memory 
Bank 04. 


125216 
125346 DATA I (1246) 


Index register Y 
} -b-+[_Tebu= 1287, 






Stack pointer Op Code (734.) 


[ 123416 | + | Operand (1E 16) _| 


Data bank 
register 


DATA, 


4—42 | | ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 
ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





ex. - Mnemonic Machine code: 
ADC A, (1EH, S), Y 73,5 1E46 
(m=1,x=0) 
Memory 
Bank O16 
Index register Y 
12524, DATA I (0146) a 
1253,, | DATA I (12,,) ap BOEB ig) = 102E Mig 
Stack pointer [~ Op Code (7346) 
a 
Data bank 
register 


A+A+C+] DATA] = [DT ]+1, 02E7,, 





Machine code. 









ex. - Mnemonic 
ADC A, (1EH, S), Y 7346 1E:6 
(m=0, x=0) 
Memory 
1282 pi aaa 
. a =102E7 





Op Code (73 4.) 
Operand (1E4.) 












Stack pointer 


[234.5 | + 


Data bank 
register 


+1, 02E716 
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Mode 


Function 


eX. 


: Block transfer addressing mode 


: The instruction’s second byte specifies the trans- 


fer-to data bank, and the contents of the index 
register Y specify the transfer - to address within 
the data bank. The instruction’s third byte speci- 
fies the transfer-from data bank, and the contents 
of the index register X specify the address in the 
data bank where the data to be transferred is 
stored. The contents of the accumulator A consti- 
tute the number of bytes to be transfeered. Upon 
termination of transfer, the contents of the data 
bank register will specify the transfer-to data 
bank. The MVN instruction is used for transfer to 
lower address location. In this case, the contents 
of the index registers X and Y are incremented 
each time data is transferred. The MVP instruc- 


tion is used for transfer to higher address loca- 


tion. In this case, the contents of the index regis- 
ters X and Y are decremented each time data is 
transferred. The block of data to be transferred 
may cross over the bank boundary. 


> Mnemonic Machine code 


MVN 0E2H, 0E5H 54,6 E2i¢ E5:6 


Before transfer 


Memory 









Bank E2i¢ 





Instruction : MVN, MVP 


After transfer 


Memory 


Op Code(544,) 
Operand (E2,,) 


Operand (E5,,) 





E25678,, 
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ex. : Mnemonic . Machine code 
MVP 0E5H, 0E2H 44,6 E516 E2%6 
Before transfer After transfer 
Memory iviemory 











Bank E2;. 
| 

E2567A,, 

A|__00034¢ Al FFFFig 
Op Code(44,,) X{ 567Ai6 Op Code(44,,) x| 567716 | 
Operand (E54.) Y Operand (E5y,) ¥ (| °1233;, 
Operand (E2,,) DT Operand (E2;¢) DT 

Bank E5 

ve E51236,, 
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Addressing mode 
Symbol | Function rime [wm [a [oie [ome [oimx 







































































































































om | on} | fn} | on} | fn} n | fn! | oom] op 
ADC Acc,C Acc tM+C | Adds the carry, the accumulator and the memory contents. 2/2 65] 4 | 2 75/5 | 2 
(Note 1,2) The result is entered into the accumulator. When the D 
flag is “0”, binary additions is done, and when the D flag is 421 4|3 42|6)3 42|7)3 
“1”, decimal addition is done. 69 65 75 
AND Acc * Acc AM Obtains the logical product of the contents of the accumu- Z\2 25/4 | 2 35) 5} 2 
(Note 1,2) lator and the contents of the memory. The result is en- 
tered into the accumulator. 42\4)3 42|6|3 42|7|3 
29 25 35 
ASL m=0 Shifts the accumulator or the memory contents one bit to 0A} 2] 1 (06) 7} 2 16} 7} 2 
(Note 1) | [e]+[bis] | bo 0 | the left. “0” is entered into bit 0 of the accumulator or the 
_ memory. The contents of bit 15 (bit 7 when the m flag is 42) 4|2 
‘ es “1”) of the accumulator or memory before shift is entered OA 
[C]+{b7| [bo iO | into the C flag. 
BBC Mb=0 ? Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “0”. 
BBS Mb=1? Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “1”. 
BCC C=0? Branches when the contents of the C flag is “O”. 
(Note 3) 
BCS C=1? Branches when the contents of the C flag is “1”. 
(Note 3) 
BEQ Branches when the contents of the Z flag is “1”. 
(Note 3) 
BMI N=1? Branches when the contents of the N flag is “1”. 
(Note 3) 
BNE z=0? Branches when the contents of the Z flag is “O”. 
(Note 3) 
BPL N=0? Branches when the contents of the N flag is “0”. 
(Note 3) 
BRA PC+-PCoffset Jumps to the address indicated by the program counter 
(Note 4) | PG+-PG+1 plus the offset value. 
(carry occured) 
PG*+-PG—1 
(borrow occured) 











PC+-PC+2 Executes software interruption. 00)15 
M(S)+-PG 
S+S-—1 
M(S)*+-PCy 
S+S—1 
M(S)+-PC, - 
S+S-—1 
M(S)*-PSy 
S-S-—1 
M(S)+-PS_ 
$-S-—1 

I] 
PC,_*-AD, 
PCy*-ADy 
PG+-0016 



































Bo 











Branches when the contents of the V flag is “O”. 


Branches when the contents of the V flag is “1”. 












































Makes the contents of the specified bit in the memory “0”. 














Makes the contents of the C flag “0”. 























RO 
st 
| | 
BRO 
as nN 
W Roy 














CLI Makes the contents of the ! flag “O”. alee beclish 
CLM Makes the contents of the m flag “O”.. 
CLP Specifies the bit position in the processor status register by the bit 











pattern of the second byte in the instruction, and sets “O” in that bit. 

















Makes the contents of the V flag “0”. 


















Compares the contents of the accumulator with the contents of 
the memory. 






(Note 1,2) 



































28] Bi | 





Py 
AN! & 
[o>] > 
a 
hb 
AN 
~w 
|_| 
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L(DIR){L(DIR)Y| ABS | ABS,b | ABS,X|ABS,Y| ABL } ABL,X | (ABS) |L(ABS)|(ABS.X)| STK | REL | DIR.bR}ABSbR} SR |(SR),Y| BLK ]10/9|8]7 6/5 4|3 2| 1] 0 
a A 9 is ao ce T T i | 1 Ca eas ciate | “oa ee wee — —. ‘xc = Tt T ae aaa! (ON mek cies Pace acd cae ies ag = 
op] n | op} n|#fop} n|#fop}n}#]op| n|#jop) n|} # lop nl op! n | # ib [8 oa op| nf # op| n | # op n + |op n|# op}n|#) IPL |N vim x/D ilzic 
ae al ne | a a ital Eel ell sa it UR aca Mca lak ea ce Wad aa I | eral cei al oot se bes al) peace al 
aziiol 2 bah IDG! 3076 316 61 4 VTE sials3lgls eye eiINI Vi ete sere ( Zic 
_ t rn oe oo Cane Comme 4 —~ 2 ae cores sf = 
42[12) 3 [42/13 42| 8} 4 142] 8 | 4 142) 8} 5 }42 3 142/10} 3 
Oa cals es Ps aes Gl a Ite | 
27/10} 2 {37}11] 2 12D) 4 | 3 3016 | 3 [3916] 3 12Fi 61 4 {3F 2 (33) 8 | 2 eleleINieyeyete le] zie 
core ca Sey Lorre Dress Lancia Cees eee a Greer! Sees! Cnet geen cura Corian manpemn! Cosas Otieeah (eee an Wore Es —s 
aahial Sanat S wal 6 a 42| 8 | 4 142] 8 | 4 }42| 815 |42 3 142110} 3 
27 37 20 3D 39 2F 3F 33 
namdene sted winirafien omeefe se ccamfeneme samen anew fen wee fhe tafe ee es -|. sca nui Gialicty CANA Hite: aula + +- —- +--—- $- t enn =f, + ee ae nn aces Ane i 
ot 7|3 1E) 8) 3 eleleINielefelefe|ZiC 
me | + | * ira : T r | ° | e ° ! e e ° e ° 
BES) pes ee ee) es bMS alll alg ied Se ee aa | if L 
q e 7} e e e e e e e e e 
+~, 4 | “4 + i! - ni wa + - 4 + ——s + L 
4 i p ieoed ae ee Ae _ | ee een 2 one 
+ +t Tor + —+—+- 4 
al: pp ++—-}~--} —— —f— ea be 4 
7m ae a ia T 
a cats Fa a ies T 
pf a ae eee ee {. 
es ake (ee ee aes eee 
or 4 Tt fot. os T 
t = ares 
T 1 
| | Specified flag be- 
comes “0”. 
{ ig 
Ol « 
4} 7 1 
3 |D9} 6 | 3 JCF] 6 | 4 |DF 2 |D3 
+ 4 
4142/8 | 4 |42| 8/5 142 3 42110 
D9 CF DF D3 
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Symbol 


(Note 1) 





Acc*-Acc—1 or 
M+-M—1 


X—M 


Details 





Compares the contents of the index register X with the 
contents of the memory. 


Compares the contents.of the index register Y with the 
contents of the memory. 


Decrements the contents of the accumlator or memory by 
1. 








DEX Decrements the contents of the index register X by 1. 


DEY Decrements the contents of the index register Y by 1. 


DIV 
(Note 2,10) 


EOR 
(Note 1,2) 


A(quotient)+-B,A/M 
B(remainder) 





Addressing mode 





4 


















































The numeral that places the contents of accumulator B to the higher order and the 
contents of accumulator A to the lower order is divided by the contents of the memory. 
The quotient is entered into accumulator A and the remainder into accumulator B. 








Acc*-Acc¥M 


L. 





INC 
(Note 1) 


INX 


Acc*Acc +1 or 
M +M+1 























Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory. The result is 
placed into the accumulator. 





Increments the contents of the accumulator or memory by 
1. 



































X-X+1 


Increments the contents of the index register X by 1. 








INY 


¥=¥r1 


Increments the contents of the index register Y by 1. 





JMP 


JSR 


ABS 
PC, + ADL 
PCy <= ADy 


ABL 

PC, ia AD, 
PCy + ADy 
PG+ADg 


(ABS) 
PC, +(ADy, AD) 
PCy +-(ADy, AD, +1) 


L(ABS) 

PC. —(ADu, AD, ) 
PCy -(ADy, ADL +1} 
PG +(ADy, AD, +2) 





(ABS, X) 

PCL +—(ADy, AD, +X) 

PCy $e (ADy, AD_+X 
+1) 


ABS 
M(S)+ PCy 
S+S-—] 
M(S)+ PC, 
S+S-—1 
PC. + AD. 
PCy ADy 


ABL 
M(S)+ PG 
S+S—1 
M(S)=- PCy 
S+S—1 
M(S)+PC, 
$+S-1 
PC. Si AD, 
PCy : ADy 
PG + ADg 


(ABS, X) 

M(S)<— PCy 

S+S—1 

M(S)=— PC; 

S+S-1 

PCy -(ADy, ADL +X) 

PCy +-(ADy, ADL +X 
+1) 








Places a new address into the program counter and jumps 
to that new address. 




















Saves the contents of the program counter (also the con- 
tents of the program bank register for ABL) into the stack, 
and jumps to the new address. 



















































































1/0 


1}2 
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Processor status register 


BLK 10} 9] 8] 7 6[5|4 3 
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Addressing mode 
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Symbol Function Details 








LDA Acc *-~M Enters the contents of the memory into the accumulator. 
(Note 1,2) 


. LDM M+ IMM Enters the immediate value into the memory. 
(Note 5) 
DT + IMM Enters the immediate value into the data bank register. 
LDX Enters the contents of the memory into index register X. 
(Note 2) 
LDY 
(Note 2) 


LSR 
(Note 1) 


MPY 
(Note 2,11) 






S| | 
| S| 





ee 
a a eee 
a 
i eo eee 
ae ae 
of BBLS. 
ae a 








ae 








Enters the contents of the memory into index register Y. 


=== 
a 


ms 





Shifts the contents of the accumulator or the contents of 
the memory one bit to the right. The bit 0 of the accumula- 
tor or the memory is entered into the C flag. “O” is entered 
into bit 15 (bit 7 when the m flag is “1”.) 







0~[bis| ~[bo}-+c 


m=] 


0! b7|~- [bo }-c 


eee. ee ee en ee Ed ee 


Multiplies the contents of accumulator A and the contents of the mem- 
ory. The higher order of the result of operation are entered into accu- 
mulator B, and the lower order into accumulator A. 


ho 
Ro 
wo 
































89116) 3 
09 











Mn+i-—Mm+i 






MVN 
(Note 8) 







Transmits the data block. The transmission is done from 
the lower order address of the block. 




























Transmits the data block. Transmission is done form the 
higher order address of the data block. 






MVP 
(Note 9) 


Mn—i*-Mm—i 









89/20} 3 |89|21) 3 |89 
12 01 














PC+PC+1 


m 


Advances the program counter, but performs nothing else. |EA 


—_ 
— 



















































ORA Acc*-AccVM Logical sum per bit of the contents of the accumulator and 12}6)2j01;}7/2111;8) 2 
(Note 1,2) the contents of the memory is obtained. The result is en- 
tered into the accumulator. 421 8 | 3 142) 9] 3 }42/10] 3 
12 01 
PEA M(S)+-IMM2 The 3rd and the 2nd bytes of the instruction are saved into 
S+S—1 the stack, in this order. 





M(S)+-IMMy 
S+S-1 










ihe] 
—t 
on, Oo 
GN] SG] 
Sp; oN 
wl on 
oa 5] © 
AN) AH 
= aes 
wl oon 
=—- $s —_ 
om Ro or 
ea 
eae SS eT ae ee ees 












































































































































1 
M(S)+-M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 
+1) byte of the instruction, and saves the contents into the 
S+S-—] stack. 
M(S)*-M((DPR)+IMM) 
SS] 
EAR*-PC+IMMz2,IMM} Regards the 2nd and 3rd bytes of the instruction as 16-bit : 
M(S)+-EARy numerals, adds them to the program counter, and saves 
S+-S-—1 the result into the stack. 
M(S)+-EARL 
S+S-—1 : 
PHA Saves the contents of accumulator A into the stack. | 
PHB Saves the contents of accumulator B into the stack. il il ; 
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Processor status register 
514}3;2)1)0 
Vim|x/D) ti Z/C 




















n 





+ 
2 
i 





(SR),Y| BLK |10/9/81/7 
| IPL IN 
+ 













































































eo] mo] nfo 









































REL | DIRb.R |} ABSbR} SR 
Tl 





































































































AF| 6 | 4 
4 142) 8 | 5/42) 9 


c 
s 
< HEP 
WY a 
o 
Se Lt 
wa 
2 st 
© -— S 
8] aL 
€ aif 
Flats 
APES 
«| ao Cc 
3|< rs 
=< to) 
< 
eo ad ee es ee 
<[si5 (95) 
+4 
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+ 























n|#|op 


3 |BY/ 6] 3 
42|8 
B9 





20} 4 |89/20] 5 |89/21) 5 


E} 6 | 3 
| 
ne 
6} 3 
Ky 














6 
42) 8 | 4 


# lop! n|# lop 
; BD 
BD 


BS ;ABS,b/ ABS,X|ABS,Y| ABL 





i[ 8s [ase 
n 

D4)3 
4216) 4 


L( DIR) 
opm [on] a] 
B/ 


op 
2 
3 
‘AD 


2 {B7|11 
42112} 3 142/13 





A?}10 
Al 























D 


8/3 
9}20| 4 189 


[iene = ee ee ee 








Be 


8 





| 




















9¢] 5 
AE! 4 

















Ral 
if 
: 
ie 





3 


Cae eee 








om ~ NH 
igs [| | | 1s 185 
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Function Details 








M(S)+-DPRy Saves the contents of the direct page register into the 
S+S-—] stack. 
M(S) DPR, | 
S+S—] 





PHG M(S)*-PG 
S+S—-1 


M( S)+-PS, 
S+S-—1 
M(S)+-PS, | 
S+S-—1 


PHT M(S)+-DT Saves the contents of the data bank register into the 
S+S-—1 stack. 


PHX x=0 Saves the contents of the index register X into the stack. 
M(S)-Xy 
S-S—] 
M(S)+-X, 
S$+S=1 


Saves the contents of the program bank register into the 
stack. 
















Saves the contents of the program status register into the 
stack. 









































x=] 
M(S)=X. 
S+-S—1 














Saves the contents of the index register Y into the stack. 


























Restores the contents of the stack on the accumulator A. 

















Restores the contents of the stack on the accumulator B. 
























‘S-S+1 
DPRi+M(S) 
S+S+1 

DPRy+-M(S) 


S+S+1 
PS_+M(S) 
S+S+1 
PSy+-M(S) 


S+S+1 
DT+M(S) 


Restores the contents of the stack on the direct page reg- 
ister. 


















Pie ee | ag] 

























Restores the contents of the stack on the processor status 
register. 


















PLT 






Restores the contents of the stack on the data bank reg- 
ister. 








Restores the contents of the stack on the index register X. 
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Symbol Function Details 
PLY x= Restores the contents of the stack on the index register Y. 
S+-St+1 , 
Y¥.+-M(S) 
S+S+] 
Yu*-M(S) 
x= 
S-S+] 
Y¥_*+-M(S) 
PSH M(S)+A, B, X-° Saves the registers among accumulator, index register, 
(Note 6) direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 
PUL A, B, X:--+-M(S) Restores the contents of the stack to the registers among 
(Note 7) accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction. 




















RLA m=0 Rotates the contents of the accumulator A, n bits to the 
(Note 13) | n bit rotate left left. 


aTrecy 


m=1 
n bit rotate left 


Ler} 


m=0 Links the accumulator or the memory to C flag, and rotates 


cae as result to the left by 1 bit. 
[bis] [bo |+-[c] 





























m=] 


Lie 


m=0 Links the accumulator or the memory to C flag, and rotates 


aero result to the right by 1 bit. 
[c]—[ bl [bo 


S+S+1 Returns from the interruption routine. 40}11 
PS_+-M(S) 

S=St 

PSy*+-M(S) 

S+S+1 

PC.+-M(S) 

S+S+1 

PCy+-M(S) 

S+S+1 

PG+-M(S) 



















ROR 
(Note 1) 

































































































RTL S+S+1 Returns from the subroutine. The contents of the program 

PC,.+-M(S) bank register are also restored. 

S+S+1 

PCy+-M(S) 

S-S+1 

PG+M(S) 
RTS Returns from the subroutine. The contents of the program 

bank register are not restored. 

SBC Acc, C+-Acc—-M—C | Subtracts the contents of the memory and the borrow from 
(Note 1,2) the contents of the accumulator. 
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(ABS) |L(ABS)| (ABS.X) DIRbR | ABS.bR (SR),Y | aux [10}9/8]7]6/5/4/3]2] 1/0 
op|n|# op| | op # 


com] # nn # fn] nf] nn] n| #n| | # foo] /#fooln] a] eL_|Niv[m|x]o] i ]z/c 


mt 
| i 
+ 















Se 
= 
es 


































































If restored the contents of PS, 
it becomes its value. And the 
other case is no change. 

























































































| 





















































Value saved in stack. 
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Addressing mode 
Function Details Fimm | a | oR | DIR. | IR,X | DIR,Y | (DIR) | (DIR,X) | (DIR).Y 
ol 


Mb=+-1 Makes the contents of the specified bit in the memory “1”. 


Symbol 


SEB 
(Note 5) 


SEC 


a) 
a0 


Makes the contents of the C flag “1”. 


= i ES 
see aman 


Makes the contents of the | flag “1”. 


fi 





Makes the contents of the m flag “1”. 


SEP PSb+-1 Set the specified bit of the processor status register’s low- 
er byte (PS_) to “1”. 





STA 
(Note 1) 


M*+Acc Stores the contents of the accumulator into the memory. 





ico] NS 
aw Ro 





Stops the oscillation of the oscillator. 
xX Stores the contents of the index register X into the memory. 
MY Stores the contents of the index register Y into the memory. 


TAD DPR=-A Transmits the contents of the accumulator A to the direct |5 
page register. 


TAS SA Transmits the contents of the accumulator A to the stack pointer. 


TAX Transmits the contents of the accumulator A to the index |A 
register X. 


3 


o 


M 


- 
< 


NINN 
4 
x | U 





ow 


eee ae TS ee ee eae 
SCS DN Sa a ee ee eee Ee En eee 





— 


eee ee ee ee eee 


B 





XA A 
TAY YA 8 


Transmits the contents of the accumulator A to the index JA 

register Y. 

TBD DPR-+-B Transmits the contents of the accumulator B to the direct {4 
page register. 

‘TBS S+B Transmits the contents of the accumulator B to the stack |4 
pointer. 1 

TBX X+B Transmits the contents of the accumulator B to the index |4 
register X. 


Z 


or 
wm nm 


m nA 


aa, Srey es a ee ae 
— fh 





|= S| 


















TBY Y-B Transmits the contents of the accumulator B to the index |42 
register Y. A8 

TDA A+-DPR Transmits the contents of the direct page register to the |7B 
accumulator A. 





TDB B+-DPR Transmits the contents of the direct page register to the 


accumulator B. 


TSA A Transmits the contents of the stack pointer to the accumulator A 


TSB -S Transmits the contents of the stack pointer to the accumu- 
lator B 
S ; ; 
-X 


B 
TSX Xx- Transmits the contents of the stack pointer to the index | 
A 


— 
Ww PM 


Ww 
|B | 
N 


wow Db 
Oo PO 


register X. 


co 
> 
Po 


Transmits the contents of the index register X to the accu- 
mulator A. 








> 





BX Transmits the contents of the index register X to the accu- |42| 4 
mulator B. A 


TXS SX Transmits the contents of the index register X to the stack ade 
pointer. 






foc] 








TXY Y+X Transmits the contents of the index register X to the index |9B| 2 | 1 
register Y. 

TYA AY Transmits the contents of the index register Y to the accu- 211 
mulator A. 

TYB B--yY Transmits the contents of the index register Y to the accu- |42/ 4} 2 
mulator B. 98 


TYX XY Transmits the contents of the index register Y to the index |BB] 2 | | 
register X. 


WIT aa Stops the internal clock. ca3]1| | | | 


XAB AB Exchanges the contents of the accumulator A and the con- |89] 6 | 2 
; tents of the accumulator B. 28 
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Symbols in machine instructions table 







Implied addressing mode 










IMM 
A 
DIR 
DIR, b 
DIR, X 


Immediate addressing mode 





Accumulator addressing mode 





Direct addressing mode 












Direct bit addressing mode 





Direct indexed X addressing mode 











DIR, Y Direct indexed Y addressing mode 

(DIR) Direct indirect addressing mode 

(DIR, X) Direct indexed X indirect addressing mode 
(DIR), Y Direct indirect indexed Y addressing mode 

L (DIR) Direct indirect long addressing mode 

L (DIR), Y Direct indirect long indexed Y addressing mode 


ABS 
ABS, b 
ABS, X 
ABS, Y 
ABL 


Absolute addressing mode 





Absolute bit addressing mode 














Absolute indexed X addressing mode 





Absolute indexed Y addressing mode 





Absolute long addressing mode 









ABL, X Absolute long indexed X addressing mode 
(ABS) Absolute indirect addressing mode 

L (ABS) Absolute indirect long addressing mode 
(ABS, X) Absolute indexed X indirect addressing mode 


STK 
REL 


Stack addressing mode 





Relative addressing mode 







DIR, b, REL Direct bit relative addressing mode 
ABS, b, REL Absolute bit relative addressing mode 
SR Stack pointer relative addressing mode 


(SR), Y Stack pointer relative indirect indexed Y addressing 


mode 
































BLK Block transfer addressing mode 
Carry flag 

Zero flag 

Interrupt disable flag 

Decimal operation mode flag 
Index register length selection flag 
Data length selection flag 
Overflow flag 

Negative flag 

L Processor interrupt priority level 
Addition 


Subtraction 


+52<3*O-NO 



















Multiplication 
Division 
Logical AND 
Logical OR 








PCy 
PCL 
PG 
DT 
DPR 
DPRuH 
DPR, 
PS 
PSy 
PS. 
PSb 
M(S) 


Mb 

ADg 
ADy 
AD. 


Exclusive OR 







Negation 
Movement to the arrow direction 







Accumulator 







Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 






Accumulator A 







Accumulator A’s upper 8 bits 
Accumulator A’s lower 8 bits 







Accumulator B 





















Accumulator B’s upper 8 bits 
Accumulator B’s lower 8 bits 
































Index register X 

Index register X’s upper 8 bits 
Index register X’s lower 8 bits 
Index register Y 

Index register Y’s upper 8 bits 
index register Y’s lower 8 bits 
Stack pointer 

Program counter 

Program counter’s upper 8 bits 
Program counter’s lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register’s upper 8 bits 
Direct page register’s lower 8 bits 
Processor status register 





Processor status register’s upper 8 bits 
Processor status register’s lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


b-th memory location 

Value of 24-bit address’s upper 8-bit (Azs~Aig) 
Value of 24-bit address’s middle 8-bit (Aj3;~Ag) 
Value of 24-bit address’s lower 8-bit (A7~ Ao) 
Operation code 

Number of cycle 

Number of byte 

Number of transfer byte or rotation 

Number of registers pushed or pulled 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR_+0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE=“H”. 


Note 1. 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


2. 


Number of cycles 


The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 


When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


. The number of cycles increments by 2 when branching. 


. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for 


branching in the range of —32768~+32767. 


. When handling 16-bit data with flag m=O, the byte in the table is incremented by 1. 





Type of register | A | B | X | Y | DPR| DT | PG | PS | 
ar a a ee 


The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done is 12. i, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while iz indicates the number of registers among DT and PG to be saved. 


7. 


Number of cycles 3 3 3 3 4 3 3 


The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i, indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while iz=1 when DPR is to be restored. 


8. 


10. 








The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 


7+ (i/2) X7+4 
Note that, (i/2) shows the integer part when i is divided by 2. 


. The number of cycles is the case when the number of bytes to be transfered is even. 


When the number of bytes to be transfered is odd, the number is calculated as; 
9+ (i/2) X7+5 
Note that, (i/2) shows the integer part when i is divided by 2. 


The number of cycles is the case in the 16-bit+8-bit operation. The number of cycles is incremented by 16 for 32-bit= 16-bit operation. 


. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X 16-bit operation. 


When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


. When flag m is 0, the byte in the table is incremented by 1. 
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INSTRUCTION CODE TABLE-1 


Hexadecimal So 










notation 








ORA 





A, ee 








SEB | ORA 
A,SR | DIR,b | A,DIR 

ORA 
DIR,b 





SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 










0101 


ORA 


A,DIR,X 


BBC 


DIR,b,R 


ou 0111 | 1000 1001 1010 oa ia 1100 | 1101 aco 
OR ORA | ASL 
DIR ee A,IMM ABS,b | A,ABS 

ORA | DEC 
DIR,X |A ea A,ABS,Y 

ROL 

ABS ORs ABL | A,SR |DIR,b,R| A,DIR | DIR aa A,IMM 

SEC 
A,DIR,X} DIR,X JAL(DIR),Y Anne 








A,ABL |: 


A,ABL,X 


ORA 


CLB 
TAS 
ABS,b 


BBS 


A,ABS,X| ABS,X 








ac ABS,b,R| A,ABS 
INC BBC 
A ABS,b,R/A,ABS,x| ABS,X 





LSR 


PHG 
A,ABS | ABS | A,ABL 


A 





- A,(DIR)|A,(SR),Y 
0100 Note 1 
A,(DIR,X) ; 
EOR | EOR 
0101 
A,(DIR),YIA,(DIR)IA, 






















1010 


1011 


R 
CPY 
ae 


1100 





1101 


1110 








ith x IMM | A,SR A,DIR | DI 





CMP CMe 
OTA ee A,DIR,X| DIR,X JAL 








LDM DC 









ADC DC 
0110 RTS 
DIR | A,DIR | DIR |A,L(DIR) AIMM| A |. (ABS) | A,ABS| ABS | AABL 
LDM | ADC ADC ADC J 
0111 BVS SEI PLY | TDA 
DIR,X |A,DIR,X| DIR,X |AL(DIR),Y A,ABS,Y : )|A,ABS,X|} ABS,X 
STA STX | STA STX | STA 
1000 PHT 
EL |A(DIR,X)} REL ASR aor A,L(DIR) Maes ABS | A,ABL 
STA | STA LDM | STA 
1001 CC TXY 
oR AsO DIR,X |A,DIR,X| DIR,Y jAL(DIR),Y ABS _|A,ABS,X/ ABS,X |A,ABL,X 


R_ |A,L(DIR) 


PH 
A,IMM 
EOR 
CLI PHY | TAD 
A,ABS,Y A,ABS,X} ABS,X |A,ABL,X 











































DIR,X |A,DIR,X} DIR,Y jAL 


(DIR),Y 












A,DIR 






ABS,X |A,ABS,X} ABS,Y |A,ABL,X 





NC 
A wor 









1111 BEQ 


SBC 
YIA,(DIR)IA, 


A,(DIR),Y (SR),Y 











CMP | DEC | CMP 
A,ABS | ABS | A,ABL 
CMP CMP 
ABS,X |A,ABL,X 
SBC 
A,ABS | ABS | A,ABL 










SBC 











SBC 





NC 
DIR,X |AL(DIR),Y 


A,DIR,X 













SBC | INC | SB 
(ABS,X) |A,ABS,X| ABS,X |A,ABL,X 





Note 1 : 42,6 specifies the contents of the INSTRUCTION CODE TABLE-2. 
About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2. 
2: 8916 specifies the contents of the INSTRUCTION CODE TABLE-3. 
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 
aes ae ) 
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INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42,,) 


D3~ Do 





Hexadecimal 
notation 





B,(DIR,X) 
ORA | ORA 


B,(DIR),Y B,(DIR)| 


B,SR 
ORA 


B,(SR),Y 











B,L(DIR) 














AND 


B,(DIR,X) 


. AND 


B,SR 


+ 


BLD), 
AND 











AND | AND 





B,(DIR),Y/B,(DIR)| 


AND 


B,(SR),Y 











EOR 


B,SR 














B,(DIR),YiB, (DIR) 


“| EOR 


B,(SR),Y 


EOR 


B,L(DIR), 





B,ABS,X 


EOR 


B,ABL,X 





ADC 


B,(DIR,X) 


ADC 


B,SR 


ADC 


B,L(DIR) 


apc | 


B,ABS | 


1 ADC 


B,ABL 





ADC | ADC 


B,(DIR),YIB, (DIR) 


ADC 


B,(SR),Y 
= 


~ | ADC 


B,L(DIR), 
kas 








STA 


_|BDIR,X) 


STA 


B,SR 


| B,DIR 


STA 


B,L(DIR) 


ADC 


B,ABS,X| _ 


~| ape 





STA 





STA STA 


B,(DIR),YIB, (DIR) 


STA 


B,(SR),Y 


STA 


STA 


B,L( DIR), 





_2BABS ie 


STA 


B,ABS,X 





LDA 


B,(DIR,X) 


LDA 


| B,SR 


B.IRX| 
LDA 


B,DIR 


ire DA 


_[BL(OIR) 


~Ttpal 


B,ABS 





LDA | LDA 


B,(DIR),Y\B,( DIR) 


LDA 


(SR),Y 


T Loa | 


bare 


LDA 


{B.L(DIR), 


airacy al 


B,ABS,X 





| CMP 


B,( DIR,X) 


+ 


CMP 


B,SR 


CMP 


_| B,DIR | 


CMP 


B,L( DIR) 





ce 
CMP 


B,IMM 


Cup | 


B,ABS 
= ar 





CMP | CMP | 


B,(DIR),Y|B,(DIR 


CMP 


(SR),Y 


CMP 


|B, DIR,X, 


CMP 





CMP 


B,ABS,X/ 





SBC 


SBC 


_|8.0IR | 


SBC 








SBC | SBC 








B,(DIR),Y/B, (DIR) 


)/B 
+ 
‘[B(DIR,X) 4 B,SR 


SBC 


B,(SR),Y 


SBC 








B,DIR,X 


oa 


{B.ABS,Y 
SBC 


B,IMM 





SBC 


B,ABS | 














SBC 





B,ABS,Y 


SBC 








B,ABS,X 








aoe 
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,,) 


MPY 
(DIR,X) SR L(DIR) 
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PRECAUTIONS 

This chapter describes PRECAUTIONS about the single-chip 
16-bit microcomputers MELPS 7700. 

These precautions are intended for each group which is 
printed in this book(refer to Figure 1). 


MELPS 7700 ——— 7700 series 


M37702 group 
M37703 group 
M37704 group 
M37705 group 
M37708 group 
M37710 group 
M37720 group 
M37730 group 
M37732 group 





Fig. 1 7700 series 


1. NOTES ON SOFTWARE 


@ Notes on using instructions 

When programming to the MELPS 7700, the remark de- 
scribed below applies when any of the instructions of the 
Table 2 is at the most - significant address of the bank or is 
spread over the bank boundary. 


Table 2 Instructions needing notes 


Absolute Indirect Long 


Absolute Indexed x Indirect Lee 







Ww 






° 






w 





JSR Absolute 


Absolute Indexed x Indirect in a 





° 


G 





[ Note ] 

When any of the above instructions, which do not set the pro- 
gram bank register (PG), is at the most - significant address of 
the bank or is spread over the bank boundary, the content of 
the program bank register (PG) is automatically incremented 
by 1 when a carry is generated by incrementing of the pro- 
gram counter’s (PC) content. 

An example where the JMP absolute instruction is placed at 
the most - significant address of a bank is shown in the Figure 
2: 


Absolute 


Machine Code 
4C161416AC16 


ex. : Mnemonic 
JMP 0AC14H 


[PG] 000016 


P| Baca 


Timing 


O cpu | | | | | | | 


The content of PG is incremented by 1 


Bank PG 


Op Code(4C16) : 
Operand(1 416) The contents of PG re eee 


Operand(ACis) | | PG|FFFF+16 
Bank boundary 


,Bank PG+1 


Address to be [:: se 
executed next. £= Be AT aie 
Program bank register contents 


i 
are affected. ; 


ANAL CPUS 


DATA: ceu; 
Memory Aggress 


[PG]FFFO+s [PG]JFFFE:s [PGJFFFF:s [PG¢1]AC14:6 


ie “He 
RWiceu: 





Fig. 2 Example where the JMP absolute instruction is placed at the most - significant address of a bank 
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The influence of the m and x flags when source and destination start addresses can be set into the 


MVN/MVP instructions are executed 
The block transfer instructions (MVN and MVP) are affected 


by the m and x flags, and care must be taken regarding the 


status of these flags when block transfer instructions are ex- 
ecuted. The influence of the m and x flags when block transfer 
instructions are executed are described below. 


@m flag ............ Atfects the number of bytes transferred (the 
transfer units are not affected by the m flag). 
_*Whenm=0: 


The maximum number of bytes that can be transferred is 
65535. | 

“When m=1: 

The maximum number of bytes that can be transferred is 
255. 


@x flag .. Affects transfer source and destination addresses. 
“When x =0: 


The values (016 to FFFF16) to be used as the transfer 


¢ MVN instruction (transfer with x = 1) 


When the transfer start address is an even address: 


‘transfer unit 
FFFF16 


000016 Bese 
(n+2)th transfer 
°000116 EE a 


000216 FE 
(n+3)th transfer 
000316 _] 


 OOFC16 ES | n th transter 
‘OOFDi6 Es 


: OOFE16 : | (n+1)th transfer 


\ 
! 
1 
{ 
' 
t 
' 
I 
' 
! 
t 
' 
1 ° 
oe -OOFFi6 EE: 


010016 : 


SS: 010116 


Transfer source bank 


* MVP instruction (transfer with x = 1) 


When the transfer start address is an even address: 


SS-2 : FFFFi6 ff 
SS-1 : 000016 
SS-1 000116 


! 
a SS~1 : 0000%6 


Transfer direction 


SS-1 : : 
SS-1 OOFE16 pessseeess 
SS-1 : OOFF16 


‘FFFF16 
000016 
000116 : 
: 000216 : 





X and Y registers. The bank will be incremented or decremented 
in accordance with the transfer, so there is no need to be 
conscious of the bank boundaries. 

“When x=1: 
The values (016 to FF 16) to be used as the transfer source 
and destination start addresses can be set into the lower 
byte of the X and Y registers. However, when the transfer 
will cross the FF16 and 0016 address boundaries, you must | 
pay attention to the transfer region, and for this reason we 
recommend that you use the block transfer instruction with 
x = 0 (operation of the block transfer instruction with x = 1 
and the situation above is shown in the Figure 3). 


The Figure 3 indicates the operation of the MVN and MVP 
transfer instructions when x =1, and the transfer crosses the 
boundary of XXFF16 and XX0016. 

The same transfer operation (address change) is performed 
on both the transfer source and the transfer destination, so 
here we only illustrate the transfer source transfer operation. 


When the transfer start address is an odd address: 


FEF 
000016 


~~ 000116 | (n+2)th transfer 
000216 


, 000316 | (n+3)th transfer 
: 000416 


Transfer direction 


OOF Di6 | n th transfer 
-OOFE‘6 


OOF F +6 | (n+1)th transfer 
cans 0100'6 


°0101'6 


= The shaded area indicates the transfer region. 


When the transfer start address is an odd address: 


SS-2 | FFFF + 


SS-1 | 000116 


Transfer direction 


SS-1 : OOF Di6 


eee = (n+2)th transfer 
SS-1 : OOFFi6 FE: oe 


 FFFF 16g 


000016 Ee 
(n+1)th transfer 
000116 2d 


: 0002+6 oil n th transfer 


2S The shaded area indicates the transfer region. 


Fig. 3 The operation of the MVN and MVP transfer instructions when x =1, and the transfer crosses the boundary of 


XXFFis and XX0016 
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2. NOTES ON TIMER A 
Mi One - shot pulse mode and PWM mode 


Take note of the following when using timer Ai (i = 0 to 4 ) of 
the MELPS 7700 (timer Aj (j = 2 to 4) on the M37720S1 AFP) 
with the one - shot pulse or pulse width modulation mode 
(nere after PWM) , and when using the timer Ai (or Aj) inter- 
rupts or interrupt request bit. 


[ Note ] 

After switching between the modes listed below, the interrupt 
request bit becomes “1”. Therefore, clear the interrupt re- 
quest bit to “O” after switching modes. 


@From timer mode to one - shot pulse mode 

@From timer mode to PWM mode 

@From event counter mode to one - shot pulse mode 
@From event counter mode to PWM mode 


The Figure 4 shows an example of the register settings relat- 
ing to switching from timer or event counter mode to one - 
shot pulse mode. 


Interrupt disabled 
Timer Ai stopped 


Set timer Ai mode register 

@ Set the operating mode selection bits(bit 1,0) to "10" 
@ Set bit 2 to "1" 

@ Select trigger occurrence factor 

@ Set bit 5 to “O" 

@ Select count source 


Set timer Ai interrupt contro! register 
@ Clear the interrupt request Dit(bit3) to “O" 
@ Set interrupt priority level 


@ Set the corresponding bit to TAix pin to “0” 


( Set the count start flag to “1” 


i 
1 
' 
Set the port direction register Set the count start flag to “1” 
s 
, 


Writing “1” to the one-shot start flag 
1 


' . Trigger is generated. 


Effective edge input to TAiIN pin 


Count starts. 
Trigger is generated. 


Count starts. 





Fig.4 Example of the register settings relating to switching from timer or event counter mode to one - shot pulse mode 
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Mi Timer A two - phase pulse signal processing 
bits 

Use LDM or STA instruction to write to timers A4 to A2 two - 
phase pulse signal processing bits (bit 7 to bit 5 of address 
4416) . Do not use SEB or CLB instruction. 

It is possible to use SEB or CLB instruction to write to timers | 
A4 to AO up - down flags (bit 4 to bit 0 of address 4416). When Up - down flags ; address 4416 
SEB or CLB instruction is used timers A4 to AO up - down 
flags, the contents of bit 7 to bit 5 do not change. 


Timers A4 to AO up - down flags 


It is possible to use SEB or CLB instruction. 
When SEB or CLB instruction is used 


*How to write timers A4 to A2 two - phase signal pro- iiniers AA 10:AO p=. Gown flags. ahe 


ee sa contents of bit 7 to bit 5 do not change. 
a. Use LDM instruction when all bits of address 4416 are 

known. . | . 

(ex.) LDM #01100000B, 44H ; Set bit 7 to “0”. Set bit 6 Timers A4 to A2 two - phase pulse 


and bit 5 to “1” signal processing bits 


Do not use SEB or CLB instruction. 
b. Use STA instruction when all bits of address 4416 are not 





known. 
(ex.) LDM A, 44H ; The contents of address 
4416 are read. 
ORA A, #00100000B ; Set bit 5 to “1”. 
AND A, #01111111B =; Clear bit 7 to “0”. Fig.5 Up - down flags 
STA A, 44H ; Write to address 4416. 


3.NOTES ON A-D CONVERTER 


MSetting of unused pins | 

Connect the AVcc pin to Vcc when it is not used. 

Figure 6 shows the setting example of unused pins with the 
M37702 group. 


(1) Single-chip mode _ (2) Memory expansion and microprocessor mode_. 


Ports Pa2-P47, 
 B5-PB 
(Input:mode) 


Note 1. When external clock is input to XIN pin. Note 2. When BYTE=“H”. | 
Note 3. When BYTE="“H" and address space is 64K bytes. 
Note 4. When external clock is input to XIN pin. 





Fig.6 Setting example of unused pins with M37702. group 
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4. NOTES ON SERIAL I/O 
Mi Clock synchronous serial I/O ( selecting ex- 


ternal clock) 

In case using external input clock for the clock synchronous 
serial I/O and start transmitting/receiving from halt state, per- 
form the following @, @ setting for starting transmitting/recelv- 
ing when the external input clock is at “H” level. 

However, when setting the next data to transmit data continu- 
ously, it is impossible that the external input clock is at “H” or 
“L” level. 


@® Set the UARTi transmit/receive control register 1 
eTransmit enable bit 
Set the bit 0 to “1”. 
Receive enable bit 
Set the bit 2 to “1”. 


@ UARTi transmission buffer register 
Set transmit data in UARTi transmission buffer register. 


Receive 


[ Note 1 ] 

In case the transmitting/receiving starts when the external in- 
put clock through the CLKi pin is at “L” level by noises and so 
on, the following may occurs. 

Be sure that noises do not generate on the external clock line. 


-Transmitting 

The transmission register empty flag (which is the bit 3 in 
the UARTIi transmit/receive control register 0) would be 
set to “1” before the external clock is input 8 times. 
Accordingly, the transmit operation completes under the 
condition which is that all data (8 bits) is not transmitted. 
When transmitting continuously, all data is not transmitted 
and the next contents of the UARTi transmission buffer 
register is transferred to the UARTi transmission register. 
Accordingly, some bits of the next data are transmitted 
with left clocks which were for transmitting the last data. 


“Receiving 

The receive completion flag ( which is the bit 3 in the 
UARTIi transmit/receive control register 1) and the inter- 
rupt request bit ( which is the bit 3 in the UARTi receive 
interrupt control register ) are not set to “1” when the exter- 
nal clock is input 8 times or more. 

Accordingly, the receive operation does not complete and 
correct data cannot be read. 


When noises easily generate, it is possible to detect the er- 
rors at transmitting/receiving by the program example shown 
in the Figure 8. 


se » 
enable bit “” | 


; | 
Transmit 


eo ceases $= 
previo “Q” Write dummy data in VART) 
neo | transmission buffer register. 
Transmission “4” | 
flag “oO” U 


Establish the data. 


ARTi transmission register 
<— UARTI transmission buffer register 


(OXOIKONKONKONKOIKONKO _ XOIXOKONKONO.) 


Receive 


Read UARTI receive 


“4” buffer register. 
completion flag “oO” 


Conditions : External clock is selected as synchronous clock. 
RTS function is selected. 





Fi : External clock frequency 


Fig. 7 Clock synchronous serial I/O timing diagram at receiving (selecting external clock) 
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Select serial I/O 
(Bits 2-0 of UARTI transmit/receive 
mode register) 

Set transmit/receive 

(UARTI transmit/receive control 
register 1) 








Disable serial /O 
(Bits 2-0 of UARTi transmit/receive 
mode register) 

Disable transmit/receive 

(Bits 0 and 2 of UARTi 
transmit/receive control register 1) 















Disable serial 1/O 
(Bits 2-0 of UARTi transmit/receive 
mode register) 

Disable transmit/receive 

(Bits 0 and 2 of UARTI 
transmit/receive control register 1) 





Stransmit/receive =. 








Note 1. Judge with the receive completion flag (which is the bit 3 in the UARTIi transmit/receive 
control register 1) 

Note 2. Calculate the time with timers in which the transmit/receive should be completed. 
If the transmit/receive does not complete within this time, perform transmit/receive 
again. | 


Fig. 8 Program example for detecting errors 
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5. NOTES ON INTERRUPTS 


i Setting of each interrupt control register 
Use the SEB and CLB instructions for setting each interrupt 
control register. 


@ Changing the interrupt priority level 

It is necessary for rewriting the interrupt priority level selection 

bit (Note 1) to take 1 to 4 cycles after executing the instruction 

for it. The number of cycles for rewriting are different with the 

interrupt priority detection time (Note 2). 

Note 1. Selects the interrupt priority level with bit 2 to of each 
interrupt control register. 

Note 2. Selects the interrupt priority level detection time with 
the bits 5, 4 of the processor mode register. 


[ Note ] 

Time enough for changing the interrupt priority level shall be 
taken in case of changing the interrupt priority level of the 
same interrupt sources in a short execution time among a few 
instructions. Therefore, program as the Figure 9. 

Select 2 cycles for the interrupt priority level detection time as 
much as possible. 


- rewrite the interrupt priority level selection bit 
(level 0-1 to 7) 

- add NOP or instructions which have same cycles 
of NOP (except SEB and CLB) (Note.3) 


SEB 


‘ rewrite the interrupt priority level selection bit 
(level 1 to 7-0) 


CLB 


Note.3 The number of instructions are different with 
the interrupt priority detection time. 


The number of added instructions 
The number of added 
instructions 


The interrupt priority 
detection time 


2 cycles 





4 cycles 








Fig. 9 Program example 





WINTi interrupt (selecting level sense mode) 
When the INTi interrupt is used in level sense, the INTi inter- 
rupt request bit’s function is not available. 


{ Note 1 ] 

The interrupt request is not retained when changing from 
valid level to invalid level if the interrupt request is not ac- 
cepted during valid level. Figure 10 shows the INTi interrupt 
during level sense mode. 


“4 " 


Interrupt (disable) . 
disable flag | “9” 
(enable) 


Valid 


INTi pin level 
Invalid 


Interrupt enable interval 


This interrupt request is not retained, 
because INTi pin returns to invalid level 
before accepting the interrupt request. 


Fig. 10 INTi interrupt during level sense mode 


[ Note 2 ] 

lf the level of the INTi pin is valid (did not change from valid 
level to invalid level) when returning to the original routine af- 
ter processing an interrupt, INTi interrupt is occurred as shown 
in Figure 11. 


[ Note 3 } 
To change the INTi interrupt from level sense to edge sense, 
set the INTi interrupt control register in the sequence bellow : 


@ Disable INTi interrupt (set the interrupt priority level to level 
0.) 

@ Select edge sense (set the Level sense/Edge sense se- 
lection bit to “O”.) 

® Clear the interrupt request bit to “O”. 

@ Enable the accepting of INTi interrupt request (set the in- 
terrupt priority level to level 1—7.) 
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Interrupt request is accepted. 





Return to main routine 


Valid 
INTi pin level 
Invalid 





Main routine Sr acl 


First interrupt Secondinterrupt Thirdinterrupt Main routine 
service routine service routine service routine 


Fig. 11 Repeating INTi interrupt (level sense mode) 
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MASK ROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROMs in single-chip 
16-bit microcomputers. When placing such order, please 
submit the information described below. 


1. Mask ROM Order Confirmation Form:::::::--:++:77+" 1 set 
(There is a specific form to be used for each model.) 
2. Data to be written into mask ROM-::::::ssssse8 EPROM 


(Please provide three sets containing the identical 
data. ) 
3. Mark Specification Form ss Rahat ASiorreieye wide ayers Wis eca. crayons bnel enoie sein Oe ters. 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Mask RCM Order Confirmation Form may 
be used. 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


Example : Label 





Type 


Identification 


of three sets 


MELPS 


From customer 


EPROM 
(3 sets) 
Object program 
generation 


M37702M2 
AXXXFP 


Mask ROM 


code for each 


Acceptance 


ee ee ok 


(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Mask 
ROM Order Confirmation Form. 

(4) Options , 
Refer to the appropriate data book entry and write the 
desired options on the Mask ROM Order Confirmation 
Form. 

(5) Marking specification method 
The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Mask ROM 
Order Confirmation Form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce the mask ROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce the mask 
ROMs that contain data other than the data correctly pro- 
vided by the customer. 
Mitsubishi Electric corp. uses an automatic mask ROM de- 
sign program to generated the forlling: 

1 : Drafting data for mask ROM production; 

2 : ROM code listing or EPROM for mask ROM produc- 

tion error check work; 

3 : Mask ROM test program. 

The chart below shows the flow of mask ROM production. 


7700 MASK ROM DEVELOPMENT CAD SYSTEM 


Mitsubishi Electric corp. 


NO Mask ROM 


i automatic design 


program 


ROM test program 


manufacturing 


@ Wafer test 


@ Final test 
Mask ROM 
manufacturing 
_process 


@QA test 
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GZZ—SH07—25A< 33A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37710M4BXXXFP 
Section head| Supervisor 
MITSUBISHI ELECTRIC signature 





Note : Please fill in all items marked: 






Responsible , 
Supervisor 










Company 
name 





(7p) 
o 
o @ 
aa | 
* | Customer & 3 
” Pt 
Oo 
Date 2 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | df (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. ; 

(2) Address 0g to 10,5 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


[Option data] 10 


EPROM Type : 





NOOR WNH OO 
T™MOUQODWDPYOoOOD 





*2. STP instruction option 
One of the following sets of data should be written to the option data address (10,6) of the EPROM you have 
ordered. Check @ in the appropriate box. 

[]_ STP instruction enable Address 1016 
[] STP instruction disable 0016 Address 1046 

* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for nee and attach to the Mask ROM Order Con- 


firmation Form. 
*x 4. Comments 
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GZZ—SH07—82A< 38A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP 16-BIT MICROCOMPUTER ) 
M37710MBBXXXFP 


MITSUBISHI ELECTRIC si 


Note : Please fill in all items marked>X 


ofieer 
i upervisor 
Company officer p 


name 
* | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | ft (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

(2) Address 046 to 10; are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


8 [Option data] 10 









t 





ip 
















issuance 
signatures 


EPROM Type : 





“Om (1 BS W HY — © 
“AMOoOQOW>?>o 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[J STP instruction enable Address 1046 
[1] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37710M8BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 
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GZZ—SH07—83A< 38A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 3 
M37710M8LXXXHP Date: 


Section head| Supervisor 
MITSUBISHI ELECTRIC | na 


Note : Please fill in all items marked 


Responsible es 
Supervisor 


Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | fd (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 01g to 10:5 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





issuance 
signatures 





EPROM Type : 





notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option | 
One of the following sets of data should be written to the option data address (10,6) of the EPROM you have 
ordered. Check @ in the appropriate box. | 


[J STP instruction enable | Address 104 
L] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M37710M8LXXXHP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 
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PROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the one time PROMs in single- 
chip 16-bit microcomputers. When placing such order, 
please submit the information described below. 


1. Writing to PROM Order Confirmation Form:::::--::-- 1 set 
(There is a specific form to be used for each model. ) 
2. Data to be written into PROM built in----:--------- EPROM 


(Please provide three sets containing the identical 
data. ) 
3. Mark Specification Form ong ovbigveice aie letecle'g. 6 Wie 6 0:8 eis) aleve bcos "e leley a woe rete 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Writing to PROM Order Confirmation Form 
may be used. 


Label 


Example : 


(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 

(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Writing 
to PROM Order Confirmation Form. 

(4) Marking specification method 
The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Writing to 
PROM Order Confirmation Form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce Writing to PROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 

If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce Writing to 
PROMs that contain data other than the data correctly pro- 
vided by the customer. 


The chart below shows the flow of one time PROM produc- 
tion. 


identification 
code for each 
of three sets 





MELPS 7700 ONE TIME PROM DEVELOPMENT CAD SYSTEM 


From customer Mitsubishi Electric corp. 


EPROM 
(3 sets) 


LS 


Object 


program 
generation 








ROM code 
list 


@ Writing to 
PROM 

@ Final test 

® Screening 

@ QA test 














M37702E2 
AXXXFP 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH06—38A< 28A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
(M37710E4BXXXFP 


MITSUBISHI ELECTRIC yy 


Note : Please fill in all items marked 


| | meer 
é upervisor 
Company officer P 


name 
% | Customer | } 
Date ; : 
issued ° 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | fl (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

(2) Address 0;g to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address | Address 












Issuance 
signatures 


EPROM Type - 





~SI ODOM BP WHY — © 
m™mmMOUQW>YS OOD 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 8OP6N Mark Specification Form (for M37710E4BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 
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GZZ—SH07—80A< 38A0 > 
MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | RoMmumber | 


SINGLE-CHIP 16-BIT MICROCOMPUTER al 


M37710E8BXXXFP 


Section head| Supervisor 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked 





Company 

name ( ) 
%*% | Customer 
Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt i [4 (hexadecimal notation) 


(1) Set “FF,,—” in the shaded area. 

(2) Address 015 to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
GY, notation. 
oe Address Address 


Issuance 
signatures 







EPROM Type : 





60K 


—s 








NOOR WH —O 
AmMOUOWDY OC 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M87710E8BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 
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GZZ—SH07—81A< 38A0 > 7 | 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 3 
M37710E8LXXXHP 


MITSUBISHI ELECTRIC ra | 


Note - Please fill in all items marked 


Company officer p 
name ( ) 
%*% | Customer : 

Date : 


1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | i (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 0,6 to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. | 
Address Address 











Issuance 
signatures 





EPROM Type : 








NOORWN—HO 
MmMmMOUODWY OO 





* 2. Mark specification | : 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M37710E8LXXXHP) and attach to the Writing to PROM Order 
Confirmation Form. | 

*x 3. Comments 
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MARK SPECIFICATION FORM 

Mark specification format differs depending on the pack- 
age type. 

Fill out the Mark Specification Form for the package type 
being ordered, and submit the form with the Mask ROM 
Confirmation Form. 





¢ MITSUBISHI | soa 
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MARK SPECIFICATION FORM 





SOP6N (80-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 





= — ——- Mitsubishi IC catalog name 


Mitsubishi product 
number : 
(6-digit, or 7-digit) 






- ——Customer’s Parts Number 
4 Note : The fonts and size of characters are standard Mitsu- 
bishi type. 
| Mitsubishi IC catalog name 
Note1 : The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsu- 
bishi type. 

3: Customer's parts number can be up to 14 alpha- 
numeric characters for capital letters, hyphens, 
commas, periods and so on. 

4: lf the Mitsubishi logo ”& is not required, check the 
box below. 

a. Mitsubishi logo is not required 


Ls 


C. Special Mark Required Note1 : If special mark is to be printed, indicate the desired 
| layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 





6 POH HAH HHO OO OO oe subishi product: number (6-digit, or 7-digit) and 
——————SSES———E>EEEEEEEEEN @ Mask ROM number (3-digit) are always marked for 
—— J sorting the products. 
<a =e 2:\If special character fonts (e.g., customer’s trade 
es a mark logo) must be used in Special Mark, check 
= aanoe the box below. 
— —— For the new special character fonts, a clean font ori- 
= — ginal (ideally logo drawing) must be submitted. 
= = Special character fonts required 
@ ‘WinAnAHanRHaaeHnenaaea y= LL 
OUUUU OUI UO UCU OOo ote 
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MARK SPECIFICATION FORM 





80P6D 


80P6S BO-PIN QFP) MARK epee FORM 


needed). 


A. Standard Mitsubishi Mark 


Mitsubishi product number 
(6-digit, or 7-digit) 














B. Customer's Parts Number + M 
@AAAAABAARAAAHAAAAAHR® 
PU 
Oo 4 le 
== ey 7 
=o EE / 
== a 

aN Wg 
@ TUUUUU UU UO UU Ua @ 
OBHBHOHEEEBEEEHHEEEdE@ 

C. Special Mark Required 
@HHHHHHHHHHHHHHHEHHHER®o 
PULA 0 
we \_2 
“® 


@ ~\ 


Sof 





80-PIN Fine-pitch QFP 


Mitsubishi |C catalog name 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 


itsubishi |C Catalog Name 


Mitsubishi IC catalog name 


Mitsubishi IC catalog name 


Customer’s Parts Number 
yf Note : The fonts and size of characters are standard Mitsu- 


bishi type. 


/ Mitsubishi IC catalog name 


Note1 
2 


x 


Note1 


: The mark field should be written right aligned. 
- The fonts and size of characters are standard Mitsu- 


bishi type. 

Customer's parts number can be up to 10 alpha- 
numeric characters for capital letters, hyphens, 
commas, periods and so on. 


-If the Mitsubishi logo % is not required, check the 


box below. 
a Mitsubishi logo is not required 


Lad 


- The allocation of Mitsubishi IC catalog name and 


Mitsubishi product number is different on the pack- 
age owing to the number of Mitsubishi IC catalog 
name’s characters, and the requiring Mitsubishi logo 
a or not. 


If special mark is to be printed, indicate the desired 


layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 
subishi product number (6-digit, or 7-digit) and 
Mask ROM number (3-digit) are always marked for 
sorting the products. 


-If special character fonts (e.g., customer's trade 


mark logo) must be used in Special Mark, check 
the box below. 

For the new special character fonts a clean font ori- 
ginal (ideally logo drawing) must be submitted. 


Special character fonts required 


[| 
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JAPAN 
Overseas Marketing Division 
Semiconductors 

Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telephone: (03) 3218-2863 
Facsimile: (03) 3218-2852 





Overseas Marketing Manager 
Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 


HONG KONG 





Mitsubishi Electric (H.K.) Ltd. 

41st fl., Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex: 60800 MELCO HX 

Telephone: 510-0555 

Facsimile: 510-9830, 510-9822, 
510-9803 





SINGAPORE 
MELCO SALES SINGAPORE PTE, 
LTD. 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 

Singapore 0315 

Telex: RS 20845 MELCO 
Telephone: 4732308 

Facsimile: 4738944 














TAIWAN 
MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 








Telex: 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1070 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
5665 Plaza Drive - 

Cypress, CA 90630-0007 
Telephone: (714) 236-6270 
Facsimile: (714) 236-6184 


ROCKY MOUNTAIN 

Mitsubishi Electronics America, Inc. 
1113 Spruce Street, Suite 503 
Boulder, CO 80302 
Telephone: (303) 546-6300 
Facsimile: (303) 546-6242 


NORTHERN 

Mitsubishi Electronics America, Inc. 
9800 Bren Road East, Suite 243 
Minnetonka, MN 55343-9671 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Court 

Mt. Prospect, IL 60056 

Telephone: (708) 298-9223 
Facsimile: (708) 803-4224 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
9000 Royal Lane 

Irving, TX 75063 

Telephone: (214) 929-0046 
Facsimile: (214) 929-5363 


NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 937-4300 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (908) 469-8833 
Facsimile: (908) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 500 
Cary, NC 27560 

Telephone: (919) 460-0404 
Facsimile: (919) 460-6205 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


ATLANTA 

Mitsubishi Electronics America, Inc. 
6100 Atlantic Blvd. 

Norcross, GA 30071 

Telephone: (404) 368-4852 
Facsimile: (404) 662-5208 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 

San Diego, CA 92127 

Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 


NEW YORK 

Mitsubishi Electronics America, Inc. 
300 Westgate Business Cntr., Ste. 160 
Fishkill, NY 12524 

Telephone: (914) 896-0896 
Facsimile: (914) 896-8639 


PUERTO RICO 

Mitsubishi Electronics America, Inc. 
American Airlines Building, Suite 500 
1509 Lopez Landron 

Santurce, PR 00911 

Telephone: (809) 728-5040 
Facsimile: (809) 728-5180 


CANADA 


Mitsubishi Electric Sales Canada, Inc. 


6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada LST 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronic Sales Canada, 
Inc. 

340 March Road, Suite 502 

Kanata, Ontario, Canada K2K 2E4 
Telephone: (613) 591-3348 

Facsimile: (613) 591-3948 





GERMANY 
Mitsubishi Electric Europe GmbH 
Headquarters 

Gothaer Str. 8 

40880 Ratingen, Germany 
Telephone: 2102-486-0 
Facsimile: 2102-486-367 





Mitsubishi Electric Europe GmbH 
Munich Office 

Fraunhoferstr. 

85737 Ismaning, Germany 
Telephone: 89-96 07 94 30 
Facsimile: 89-96 07 94 11 


Mitsubishi Electric Europe GmbH 
Stuttgart Office 

Zettachring 12 

70567 Stuttgart, Germany 
Telephone: 711-728 74 70 
Facsimile: 711-72 47 21 


Mitsubishi Electric Europe GmbH 
Frankfurt Office 

(Power Semiconductors) 
Promenadenstr. 16 

64625 Bensheim, Germany 
Telephone: 6251-62097 
Facsimile: 6251-62099 





FRANCE 
Mitsubishi Electric France S. A. 

55, Avenue de Colmar 

92563 Rueil Malmaison Cedex, France 
Telephone: 1-47. 08. 78. 00 
Facsimile: 1-47. 51. 36. 22 





ITALY 
Mitsubishi Electric Europe GmbH 
Milano Branch Office 

Centro Direzionale Colleoni 
Palazzo Perseo 2 

20041 Agrate Brianza, Milano, Italy 
Telephone: 39-605 31 

Facsimile: 39-605 32 12 








SWEDEN 
Mitsubishi Electric Europe GmbH 
Hammarbacken 14 

19127 Sollentuna, Sweden 
Telephone: 8-625 10 00 
Facsimile: 8-625 10 33 





SPAIN 

MELCO Iberica, S. A. 

Parque Empresarial San Fernando 
Av. de Castilla, 2-Edif, Italia, |. Pl. 
28831 San Fernando de Henares 
Madrid, Spain 

Telephone: 1-677 56 53 
Facsimile: 1-677 55 62 


U.K. 

Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, U.K. 
Telephone: 707-27 61 00 
Facsimile: 707-27 86 92 


AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 





- Facsimile: (02) 638-7072 
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